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Abstract

Background: Socioeconomic status (SES) is associated with stroke incidence and mortality. Distribution of stroke
risk factors is changing worldwide; evidence on these trends is crucial to the allocation of resources for prevention
strategies to tackle major modifiable risk factors with the highest impact on stroke burden.

Methods: We extracted data from the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2017. We
analysed trends in global and SES-specific age-standardised stroke incidence, prevalence, mortality, and disability-
adjusted life years (DALYs) lost from 1990 to 2017. We also estimated the age-standardised attributable risk of
stroke mortality associated with common risk factors in low-, low-middle-, upper-middle-, and high-income
countries. Further, we explored the effect of age and sex on associations of risk factors with stroke mortality from
1990 to 2017.

Results: Despite a growth in crude number of stroke events from 1990 to 2017, there has been an 11.3% decrease
in age-standardised stroke incidence rate worldwide (150.5, 95% uncertainty interval [UI] 140.3-161.8 per 100,000 in
2017). This has been accompanied by an overall 3.1% increase in age-standardised stroke prevalence rate (1300.6, Ul
1229.0-1374.7 per 100,000 in 2017) and a 33.4% decrease in age-standardised stroke mortality rate (80.5, Ul 78.9-
82.6 per 100,000 in 2017) over the same time period. The rising trends in age-standardised stroke prevalence have
been observed only in middle-income countries, despite declining trends in age-standardised stroke incidence and
mortality in all income categories since 2005. Further, there has been almost a 34% reduction in stroke death rate
(67.8, Ul 64.1-71.1 per 100,000 in 2017) attributable to modifiable risk factors, more prominently in wealthier
countries.
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Conclusions: Almost half of stroke-related deaths are attributable to poor management of modifiable risk
factors, and thus potentially preventable. We should appreciate societal barriers in lower-SES groups to design
tailored preventive strategies. Despite improvements in general health knowledge, access to healthcare, and
preventative strategies, SES is still strongly associated with modifiable risk factors and stroke burden; thus,
screening of people from low SES at higher stroke risk is crucial.
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Background
Among 240 causes of death, stroke is globally the second
cause of death after ischaemic heart disease [1], and it is
projected to remain so by 2030 [2]. This rank varies
slightly across low-income countries (LICs), lower-
middle-income  countries (LMICs), upper-middle-
income countries (UMICs), and high-income countries
(HICs) as classified by the World Bank (Table 1) [3].
Further, stroke survivors may suffer from disabilities, re-
quiring temporary or lifelong assistance, resulting in an
enormous burden, both in human and economic costs.
Evidence suggests that socioeconomic deprivation is not
only associated with stroke and its risk factors, but also
increases stroke severity [4] and mortality [5], and stroke
incidence at younger ages [4].

Distribution of stroke risk factors in the context of
socioeconomic status is changing worldwide (SES;
Additional file 1: Text S1); understanding these trends

is helpful in reducing the risk, through allocation of
resources to those modifiable risk factors with the
highest impact on stroke (Fig. 1). From 1990 to 2010,
the age-standardised incidence of stroke decreased
significantly by 12% in HICs, while in LMICs, it in-
creased, although non-significantly, by about 12% [6].
However, mortality rates decreased significantly in
both groups of countries (mean 37% in HICs vs.
20% in LMICs), of which 31% (with about 80% of it
in LMICs) were in children and young adults (below
65 years) [6]. Further, the available evidence indi-
cates that almost 90% of cardiovascular disease, in-
cluding stroke and myocardial infarction, is caused
by potentially modifiable risk factors [7]. We aimed
to study the global and SES-specific stroke inci-
dence, prevalence, burden, and mortality and to esti-
mate the role of age, sex, and modifiable risk factors
in stroke mortality.

Table 1 Age-standardised all-cause global mortality rank in 1990 and 2017 being classified by World Bank income levels (extracted

from [8])

Age-standardised all-cause global mortality,
according to World Bank (WB) income levels,

Rank (death rate per 100,000)
! Global WB LICs WB LMICs WB UMICs WB HICs
1990 2017 | 1990 2017 | 1990 2017 | 1990 2017 | 1990 2017
75 rank rank rank rank rank rank rank rank rank rank
Ischaemic heart disease
Stroke 3 3
COPD 3 3 8 6 4 3 3
Lower respiratory 4 4 3 5 5 4
infections
Diarrhoea diseases 5 8 4 5 3 4 19
Neonatal disorders 6 6 9 9 7 6 6
Alzheimer’s disease 7 5 12 10 9 7 5
Tuberculosis 8 13 5 4 6 8 14
Lung cancer 9 7 30 24 20 17 8
Road injuries 10 12 16 14 11 13 9 7 8 12

HICs high-income countries, LICs low-income countries, LMICs lower-middle-income countries, UMICs upper-middle-income countries, WB The World Bank
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Fig. 1 Trends in age-standardised stroke a incidence, b prevalence, ¢ mortality, and d disability-adjusted life years (DALYs) lost from 1990 to 2017
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Methods

We extracted data from the Global Burden of Diseases,
Injuries, and Risk Factors Study (GBD) 2017, coordi-
nated by the Institute for Health Metrics and Evaluation,
as of 19 May 2019 [8]. We reported global and SES-
specific rates of age-standardised and age-specific stroke
incidence, prevalence, mortality, and disability-adjusted
life years (DALYs) lost per 100,000 population with 95%
uncertainty interval (UI) based on the 25th and 975th
values of the ordered 1000 draws between 1990 and
2017. The method for estimating the parameters is ex-
plained elsewhere [9-11]. In summary, the GBD enter-
prise originated from the 1990 World Bank study that
was commissioned to measure the status of global
health. It comprises information from multiple sources
including multiple databases such as MEDLINE,
EMBASE, LILACS, Scopus, PubMed and Science Direct,
Global Health Database, WHO library and WHO re-
gional databases, VR systems, sample registration sys-
tems, household surveys (complete birth histories,
summary birth histories, sibling histories), censuses
(summary birth histories, household deaths), and Demo-
graphic Surveillance Sites (DSS). DisMod-MR 2.0 was

used as a meta-regression tool to pool the case fatality
data and generate location-year-age-sex-specific case fa-
tality rate estimates.

SES was defined based on the gross national per capita
income, as classified by the World Bank (i.e. low-income,
lower-middle-income, upper-middle-income, or high-
income) [3], and the Socio-Demographic Index (SDI; i.e.
low-SDI, low-middle-SDI, middle-SDI, high-middle-SDI,
or high-SDI) being developed in the GBD 2016. We also
retrieved ranks of ten leading causes of death and stroke-
related death attributable to common modifiable risk fac-
tors in those regions. We calculated rates and proportions
of the abovementioned factors in both and each sexes of
different socioeconomic regions from 1990 to 2017. We
assessed proportions of the incidence, prevalence, burden,
and mortality of stroke in different age groups. Unless ex-
plicitly mentioned otherwise, all rates were age-
standardised using the GBD standard and reported per
100,000 population [12]. We used Numbers (version 3.6.2
for Mac OS X, Apple Inc., USA) for data compilation, pre-
liminary analyses, and making tables. We used Prism (ver-
sion 6.0h for Mac OS X, GraphPad Software Inc.) for
analysis and making the graphs.
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Thirty-one LICs include Afghanistan, Benin, Burkina
Faso, Burundi, Central African Republic, Chad, Comoros,
Democratic Republic of the Congo, Eritrea, Ethiopia,
Guinea, Guinea-Bissau, Haiti, Liberia, Madagascar, Malawi,
Mali, Mozambique, Nepal, Niger, North Korea, Rwanda,
Senegal, Sierra Leone, Somalia, South Sudan, Tanzania, The
Gambia, Togo, Uganda, and Zimbabwe; 52 LMICs include
Angola, Armenia, Bangladesh, Bhutan, Bolivia, Cambodia,
Cameroon, Cape Verde, Congo, Cote dlvoire, Djibouti,
Egypt, El Salvador, Federated States of Micronesia, Georgia,
Ghana, Guatemala, Honduras, India, Indonesia, Jordan,
Kenya, Kiribati, Kyrgyzstan, Laos, Lesotho, Mauritania,
Moldova, Mongolia, Morocco, Myanmar, Nicaragua,
Nigeria, Pakistan, Palestine, Papua New Guinea, Philippines,
Sao Tome and Principe, Solomon Islands, Sri Lanka, Sudan,
Swaziland, Syria, Tajikistan, Timor-Leste, Tunisia, Ukraine,
Uzbekistan, Vanuatu, Vietnam, Yemen, and Zambia; 54
UMICs include Albania, Algeria, American Samoa,
Argentina, Azerbaijan, Belarus, Belize, Bosnia and
Herzegovina, Botswana, Brazil, Bulgaria, China, Colombia,
Costa Rica, Croatia, Cuba, Dominica, Dominican Republic,
Ecuador, Equatorial Guinea, Fiji, Gabon, Grenada, Guyana,
Iran, Iraq, Jamaica, Kazakhstan, Lebanon, Libya, Macedonia,
Malaysia, Maldives, Marshall Islands, Mauritius, Mexico,
Montenegro, Namibia, Panama, Paraguay, Peru, Romania,
Russian Federation, Saint Lucia, Saint Vincent and the,
Grenadines, Samoa, Serbia, South Africa, Suriname,
Thailand, Tonga, Turkey, Turkmenistan, and Venezuela;
and 58 HICs include Andorra, Antigua and Barbuda,
Australia, Austria, Bahrain, Barbados, Belgium, Bermuda,
Brunei, Canada, Chile, Cyprus, Czech Republic, Denmark,
Estonia, Finland, France, Germany, Greece, Greenland,
Guam, Hungary, Iceland, Ireland, Israel, Italy, Japan, Kuwait,
Latvia, Lithuania, Luxembourg, Malta, Netherlands, New
Zealand, Northern Mariana Islands, Norway, Oman, Poland,
Portugal, Puerto Rico, Qatar, Saudi Arabia, Seychelles,
Singapore, Slovakia, Slovenia, South Korea, Spain, Sweden,
Switzerland, Taiwan, The Bahamas, Trinidad and Tobago,
United Arab Emirates, the UK, Uruguay, Virgin Islands, and
the USA.

Results

Stroke incidence, prevalence, mortality, and burden

Based on the GBD 2017 [8], the global crude number of
new stroke events has increased by 76% (Ul 71-80%)
from 6.8 (UI 6.4—7.2) million new events in 1990 to 11.9
(UI 11.1-12.8) million in 2017 (Table 2). However, the
age-standardised global stroke incidence rate (i.e. new
stroke events per 100,000 population) decreased overall
by 11% (UI 9-12%; — 15% in LICs, — 16% in LMICs, - 6%
in UMICs, and - 21% in HICs) during the same period of
time. The age-standardised global rate of new strokes be-
came 150.5 (UI 140.3-161.8) per 100,000 in 2017. This
decrease could be partly explained by more aggressive
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preventive measures and control of the risk factors. Never-
theless, despite a doubling of the global number of new is-
chaemic strokes from 1990 to 2017, there was no
significant change in its age-standardised rate, while
haemorrhagic events have significantly decreased globally
and regionally during this period. Ischaemic strokes and
intracerebral (not subarachnoid) haemorrhage seem to be
more common in males than females; female to male ratio
has decreased by 6% from 1990 to 2017.

In contrast, stroke prevalence has increased over time
from 1990 to 2017, likely because of longer survival and
reduced mortality of people experiencing a stroke. In
2017, the crude number of people with a stroke was
104.2 million (UI 98.5-110.1), which has almost dou-
bled, particularly for ischaemic stroke, compared to the
number in 1990 (Table 2). The global rate of age-
standardised stroke prevalence has increased by 3% (UL
1-5%) from 1990 to 2017 to reach to 1300.6 (UI
1229.0-1374.7) per 100,000 in 2017; particularly in
UMICs (11%, UI 8-14%). This increase in prevalence
could be partly explained by improved healthcare (in-
cluding screening, prevention, diagnosis, and treatment)
and general awareness, which has extended the lifespan
of stroke patients in these income categories. Contrarily,
both LICs and HICs have exhibited a respective 3% (UI
1-5%) and 8% (Ul 5-10%) decrease in the age-
standardised rates of stroke prevalent cases by 2017. Of
note, in contrast to ischaemic strokes, the age-
standardised rates of haemorrhagic strokes have signifi-
cantly decreased worldwide from 1990 to 2017.

Stroke is the second leading cause of death world-
wide, with regard to the age-standardised global
stroke mortality rate (i.e. stroke-related deaths per
100,000), and this rank has remained relatively con-
stant in different regions since 1990 (Table 1). Be-
cause of population growth, particularly among the
elderly, the crude number of stroke events and mor-
tality has dramatically increased worldwide from 1990
to 2017. However, compared to 1990, the age-
standardised global (ischaemic and haemorrhagic)
stroke mortality rate has decreased by 33% (Ul 32—
35; —25% in LICs, —23% in LMICs, — 36% in UMICs,
and -56% in HICs). There were 80.5 (Ul 78.9-82.6)
deaths per 100,000 in 2017, 45% of which were re-
lated to ischaemic strokes (Table 2).

In 2017, stroke has imposed 132.1 (126.5 to 137.4)
million DALYs lost globally (34% more than in 1990),
42% of which was related to ischaemic strokes, in par-
ticular, 6.8 million DALYs in LICs, 47.1 million DALYs
in LMICs, 63.1 million DALYs in UMICs, and 14.2 mil-
lion DALYs in HICs (Table 2). Nevertheless, the age-
standardised rate of DALYs lost has decreased globally
by 31% (UI 29-33), from 2392.7 (UI 2316.5-2478.9) in
1990 to 1657.2 (1587.4—1723.8) in 2017. The decrease



Table 2 Global and regional

stroke incidence, prevalence, mortality, and burden from 1990 to 2017

Measure/region  Age Metric All-type stroke Ischaemic stroke Intracerebral haemorrhage Subarachnoid haemorrhage
name Mean (95% uncertainty interval) Mean (95% uncertainty interval) Mean (95% uncertainty interval) Mean (95% uncertainty interval)
1990 2017 Percent 1990 2017 Percent 1990 2017 Percent 1990 2017 Percent
change change change change
Incidence
Global Age- Rate 169.6 150.5 - 11 087899 98(881to —1(-4 569(536 393(362 —31 141 (124 132(118 —-7(=151t0
standardised (1603 to (1403 to (=13to to 1084) 109.7) to 3) to 60.4) t0 42.9) (-33to to 16.4) to 14.6) —4)
179.4) 161.8) -9 -29)
Female to  0.89 0.84 -6 0.90 0.83 -8 0.79 0.73 -8 1.30 1.31 1
male ratio
All ages Number 68 (©G4to 119(11.1 76 (71 39(35t0 77 (7to 101 (94 23(Q22to 31(29to 34(30to39 060O5to 1.1(1to 73(55t079)
(million) 7.2) to 12.8) to 80) 4.3) 8.7) to 108) 2.5) 34) 0.7) 1.2)
Rate 1259 156.2 24 (21 714 (646 101.3 (91 42 37 432 (406 409 (376 -5(-8to 114 (10 139 (125 22 (10 to 26)
(1189 to (1455 to to 27) to 78.9) to 113.6) to 47) to 45.9) to 44.7) -2) to 134) to 15.5)
1336) 167.9)
World Bank Age- Rate 1529 129.7 -15 78.1 (706 75665t0 —4(=7 612 (568 414 (37.7 -32 136 (12 134 (118 —2(=7to
low income standardised (1446 to (120.7 to (=17 t0 to 86.5) 85) to—-1) 1to0657) 10 45.3) (—=35to to 15.4) to 15.1) -0)
162) 139.8) -13) —-30)
Female to 0.97 0.95 -2 1.04 097 -7 0.85 0383 -1 1.18 1.20 2
male ratio
All ages Number 02 (02to 04 (04to 69 (65 01((01to 02(02to 92(86 01@©1to 01(1to 33(29to38 0(to0) 0(0Oto 98 (83 to
(million)  0.3) 04) to73) 0.1) 0.3) t0 99  0.1) 0.1) 0.1) 104)
Rate 716 (676 59.7 (556 -17 347 (313 33(293t0 —5(—8 294 (273 194 (176 -34 75(@6t0 74(65t0 —2(—=9to 1)
to 76.1) t0 64.5) (—19to to 388) 37.5) to—-2) to31.5) to 21.3) (-36to 8.6) 83)
—15) -32)
World Bank Age- Rate 154.7 1293 -16 875 (794 78.7 (703 -10 54.8 (51.2 39.2 (358 -28 124 (109 114 (101 —-8(=15to
lower middle  standardised (146.1 to (1206 to (—18to t096.8) to 88.8) (—13to to587) t0 42.9) (-31to to 14.5) to 12.8) —6)
income 163.7) 139.1) —14) -7) —26)
Female to  0.99 093 -6 1.04 094 -10 0.86 0.85 -1 1.23 1.21 -2
male ratio
All ages Number 16(15t0 29Q27to 77(73 09(08to 17(15t0 96(89 06(06to 09(08to 49(@44to54) 02(01to 03(03to 86 (69 to91)
(million) 1.7) 3.1) 10 82) 1) 1.9) to 103) 0.7) 1) 0.2) 0.3)
Rate 85 (80.2to 932 (86.8 10 (7 to 453 (40.7 54.8 (488 21 (17 31.6 (295 292 (266 -8(=11to 81 (7to 93(@B2to 154 to18)
90.4) to 100.5) 13) to 50.4) t0 62.3) to 25)  to 33.8) to 32) -5) 9.6) 10.5)
World Bank Age- Rate 202.7 190.1 -6(=9 1143 128.7 13@8to 757 (714 50 (46 to -34 127 (109 114 (102 -10
upper middle  standardised (1918 to (1766 to to—3) (1041 to (116.1 to 17) to 80.3) 544) (-36t0 to 16.2) to 12.7) (—26to
income 214.5) 205) 125.7) 143.5) -32) —6)
Female to  0.88 0.78 - 11 091 0.80 -12 0.79 067 -15 1.23 1.25 1
male ratio
All ages Number 39t 6.1 (5.6 to 101 (94 1.7(15t0 413B7to 148 12 (1.1 to 16(15t0 38(33t043) 02(02to 04 (03to 74 (42to 84)
(million) 32) 6.6) to 107) 1.8) 4.6) (138to  1.2) 1.7) 0.3) 04)
159)
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Table 2 Global and regional stroke incidence, prevalence, mortality, and burden from 1990 to 2017 (Continued)

Measure/region  Age Metric All-type stroke Ischaemic stroke Intracerebral haemorrhage Subarachnoid haemorrhage
name Mean (95% uncertainty interval) Mean (95% uncertainty interval) Mean (95% uncertainty interval) Mean (95% uncertainty interval)
1990 2017 Percent 1990 2017 Percent 1990 2017 Percent 1990 2017 Percent
change change change change
Rate 1439 2315 61 (55 787 (713 156.6 99 (91 55(518to 608 (56to 10 (6to 15) 10.1 (8.7 141 (125 40 (14 to 47)
(1358 to (2144 to to 66) to 87.1) (1412 to to 107) 58.6) 66.4) to 13.1) to 15.8)
152.5) 249.9) 1754)
World Bank high  Age- Rate 1452 114.7 -21 92.2 (84.1 74.2 (675 -19 35(331to 216(199 -38 18 (16.1 189 (172 5(21to8)
income standardised (136.8 to (1073 to (=23 to to 100.9) to 82.8) (-22to 372) to 23.4) (—41to to 20.1) to 20.8)
153.9) 123) -19) -16) —-36)
Female to 0.82 0.85 4 0.79 0.79 0 0.73 0.72 -1 1.36 144 6
male ratio
All ages Number 18(1.7t0 24 (23to 33(29 12(117to 16(15to 3832 04(04to 0504to 5(0to10) 02 (02to 04 (03to 61 (56 to0 66)
(million) 2) 2.6) to 37) 1.3) 1.8) to 43) 0.5) 0.5) 0.2) 04)
Rate 184.6 205.7 11 9to 1183 137 (1241 16 (11 444 (419 392 (361 -12 218 (195 295269 35 (31to 39)
(1733 to (1918 to 15) (1076 to to 152.3) to 21) to0 47.3) 10 42.6) (=16 to to 24.4) t0 324)
195.9) 220.3) 129.9) -8)
Prevalence
Global Age- Rate 1261 1300.6 3(1to 9425 1038 (9688 10 (7 to 260.7 2202 -16 121.8 1139 -6 (—8to
standardised (12082 to (1229 to 5) (891.1 to to 1114.1) 13) (2423 to (1993 to (=19to (1126to  (1042to -5)
1318.7) 1374.7) 999.6) 279.9) 241.7) -12) 131.9) 125.2)
Female to  1.02 0.96 -6 0.95 0.90 -5 1.07 1.00 -6 148 146 -1
male ratio
All ages Number  53.3 (51.1 1042 (985 95091 39(368to0 824 (77t0 112 119 (11.1 179 (162  50(43t058) 54(5to 93(@85to 72 (68 to 76)
(million) to 55.7) to 110.1) to 100) 413) 88.5) (106 to  to 12.8) to 19.7) 5.9) 10.2)
117)
Rate 988 (947.7 13635 38 (35 7223 1078.7 49 (45 2212 2345 6(1to11) 100.5 122 21 (19 to 24)
to 1032.7) (12886 t0  to41) (682.7 to (10074 to  to 53) (2055 to (2119 to (932 t0 (1116 to
1441.3) 765.3) 1158.5) 237.5) 257.4) 109.1) 134.1)
World Bank Age- Rate 1026.6 996 (9496 -3 (-5 7134 (672 7264 2(0to 2635 2205 16 104 (971 102.7 —1(-4t02)
low income standardised (984.2 to to 10493) to—1) to 7595) (6822 to 3) (2476 to (1984 to (=22 to t0 1116) (946 to
1074.5) 777.2) 280.1) 244.3) —10) 112.1)
Female to 1.13 1.08 -5 1.14 1.06 -7 1.03 1.04 0 132 134 2
male ratio
All ages Number 1707t 33(32to 9187 12(11to 242t 100 (97 05(05to 09 (08to 70 (58t0 81) 02(02to 04(04to 99 (94 to
(million)  1.8) 35) to 95) 1.3) 2.5) to 103) 06) 1) 0.2) 04) 105)
Rate 531 (509.2 5006 —-6(—8 3588 3545 —-1(=3 1587 1332 -16 589 (55 58 (533 —2(=4t01)
to 554.3) (476.1 to to—-4) (3377to (3322 to to 0) (1494 to (1195 to (-22to t0 63.2) t0 62.7)
527.5) 382.5) 379.2) 168.8) 146.9) -10)
World Bank Age- Rate 10754 1076.8 0(=1 789.6 823.1 4(3to 2417 2144 -1 103 (948 972889 —-6(-7to
lower middle  standardised (1026.1to (10201 to  to 2) (7412 to (767.8 to 6) (2243 to (1929 to (=16 to to 111.8) to 1068) —4)
income 1131.5) 1142.5) 8459) 887.4) 259.8) 236.7) -7)
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Table 2 Global and regional stroke incidence, prevalence, mortality, and burden from 1990 to 2017 (Continued)

Measure/region  Age Metric All-type stroke Ischaemic stroke Intracerebral haemorrhage Subarachnoid haemorrhage
name Mean (95% uncertainty interval) Mean (95% uncertainty interval) Mean (95% uncertainty interval) Mean (95% uncertainty interval)
1990 2017 Percent 1990 2017 Percent 1990 2017 Percent 1990 2017 Percent
change change change change
Female to 1.1 1.01 -9 1.09 097 -1 1.10 1.06 -3 137 1.34 -2
male ratio
All ages Number 125 (119 257 (243 106 88 (83 to 19(177to0 116 333 to 57(51to 75(66t084) 13(1.2to 26 (23to 91 (87 to 95)
(million)  to 13.1) to 27.2) (103to  94) 20.5) (112to  3.5) 6.3) 1.5) 2.8)
109) 119)
Rate 646.7 8233 (780 27 (25 4575 610.2 33 (31 1687 (157 1825 (164 8 (3to 14) 69.8 (644 823 (748 18 (15 to 20)
(6179 to to 872.6) to 29) (4295 to (568.8 to to 36) to 181.5) to 201.2) to 75.6) t0 90.5)
679.8) 489) 656.8)
World Bank Age- Rate 1397.7 15532 11 8to 10176 1277.1 2522 3371 264.6 -22 107.8 973 (889 -10
upper middle  standardised (13347to  (14599to  14) (956.2 to (1186.7 to  to 29) (3128 to (2395 to (-=25to (994 to to 107.3) (=12to
income 1466) 1648.5) 1082.3) 1375.5) 3624) 290.9) -18) 117.7) -8)
Female to 1.04 094 -10 1.00 091 -9 1.08 097 -10 1.38 1.35 -2
male ratio
All ages Number 23 (22 to 50.7 (47.6 121 16.1 (15.2 412 (382 155 6.1(57to 87(79to 43(36to51) 19(1.7to 32(29to 71 (67 to 76)
(million)  24.1) t0 53.8) (114to t017.2) t0 44.5) (147 to  6.6) 9.6) 2.1) 36)
127) 163)
Rate 1087.7 19229 77 (72 7639 1563.5 105 (98 2886 330.5 15 (9 to 21) 896 (826 123 37 (34 to 41)
(10413to0 (18064 to  to 82) (7184 to (14508 to to 111) (2679 to (2983 to to0 97.8) (1118 to
1140.7) 2042.6) 812.8) 1688.1) 3109) 364.6) 136.1)
World Bank Age- Rate 12584 1163.2 —-8(—= 9969472 9117 -8 165.3 1435 -13 164 1718 5(3to7)
high income  standardised (12084 to  (11087to 10to— to 10485) (8583 to (=12to (1529 to (1306 to (=17 to (1527 to (1578 to
1312.2) 1221.2) 5) 9704) -5) 178) 156.8) -9 176.8) 187.5)
Female to 091 094 3 0.82 0.83 2 1.05 1.07 2 162 1.69 4
male ratio
All ages Number 159 (15.2 239 (226 51 (46 127 (12to 193 (18.1 5347 2(18to 25Q23t0 27(1t032) 2(18to 3.1(28to 57 (54to61)
(million) to 16.5) to 25.1) to 55) 13.4) to 20.5) to 58) 2.1) 2.7) 2.1) 34)
Rate 15844 2006 27 (23 12652 1623.1 28 (23 1983 211 (1922 62t 11) 197 260.3 32 (29 to 35)
(1520 to (19014 to  to 30) (12002 to  (15174to  to 33) (1834 to to 2304) (183.1t0 (239.2to
1653.6) 2109.8) 1336.2) 1727 4) 213.5) 212.8) 284.8)
Deaths
Global Age- Rate 120.8 80.5 (789 -33 559 (539 36.6 (35.5 —-34 543 (514 382(37to -30 107 (84 57 (53to —47
standardised (1184 to to 82.6) (-=35to0 to57.9) to 38) (—36to to586) 394) (—-33to t0 12.2) 6.3) (=52 to
1253) -32) -32) -27) —34)
Female to  0.86 0.75 -13 093 0.80 -14 0.77 0.69 -10 098 0.85 -13
male ratio
All ages Number 44 (43to0 62 (6to 41 (38 19(18t0 27QR7to 4743 21 @to 3(9to 44 36t0 50) 04 (03to 04 (04to 4 (—61t0 29
(million) 4.5) 6.3) to 45) 1.9 29) t0 52) 2.2) 3.1) 0.5) 0.5)
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Table 2 Global and regional

stroke incidence, prevalence, mortality, and burden from 1990 to 2017 (Continued)

Measure/region  Age Metric All-type stroke Ischaemic stroke Intracerebral haemorrhage Subarachnoid haemorrhage
name Mean (95% uncertainty interval) Mean (95% uncertainty interval) Mean (95% uncertainty interval) Mean (95% uncertainty interval)
1990 2017 Percent 1990 2017 Percent 1990 2017 Percent 1990 2017 Percent
change change change change
Rate 80.9 (79.2 80.7 (79.1 0(-3 346 (333 36(348to 4(1to  383(362 389 (37.7 2(-4t06) 8(®3to 58(B5to —27
to 83.8) to 82.8) to 2) to 35.9) 374) 7) to 414) t0 40.2) 9.1) 6.4) (=34 to
-9
World Bank Age- Rate 143.1 106.7 (986 —25 559 (486  431(363 -23 795 (708 585529 -26 77 (54t0 5137t0 —34
low income standardised (132.1 to to 114.8) (-=30to to634) to 48.9) (—28to to 886) t0 63.8) (-32to 10.9) 7.7) (-42 to
153.9) —-20) -17) —-20) -23)
Female to  1.01 092 -9 1.30 1.14 -13 0.88 0.81 -8 0.72 0.65 -10
male ratio
All ages Number 02 (02to 0302to 4836 01(01Tto 0101to 5945 0101to 02(01to 44(32to58) 00to0) 0Oto0) 30(12to571)
(million) 0.2) 0.3) to 61) 0.1) 0.1) to 73) 0.1) 0.2)
Rate 547 (504 40(373t0 -27 179 (155 141 (12t0 =21 33 (29 to 235214 =29 38(7t0 24(1.7t0 —36
to 59.1) 42.6) (—33to to0205) 16) (—28to 374) to 25.6) (—=35to 5.1) 36) (—44 to
=21 —14) -22) —25)
World Bank Age- Rate 1336 (128 1026 (988 —23 64 (59 to 476 (43.7 - 26 60.7 (53.5 482 (43.9 -21 89 (74to 68(Bto —24
lower middle  standardised to 140.2) to 106.6) (—271t0 704) to 52.7) (—29to to0663) to 51.3) (-26to 11.3) 8) (-321t0
income —20) -21) —15) —14)
Female to  0.96 0.85 —-12 1.1 091 -18 0.82 0.79 -5 095 0.90 -5
male ratio
All ages Number 12(117to 2(19t02) 7062 0504to 08(07to 72(63 06 (0.5 to 1(09to 71 (60to83) 0.1(0.1to 02(0.1to 56 (41 to 76)
(million)  1.2) to78)  05) 0.9) t0 82  06) 1.1) 0.1) 0.2)
Rate 60.1 (57.5 633 (61to 5(0to 247 (227 26.3 (239 7(1to 303(26.8 32(294t0 6(—=1t013) 51(@2to 49(@4to —4(-13to
to 62.6) 65.7) 10) to 27.4) t0 294) 13) to 32.8) 34) 6.4) 59) 9)
World Bank Age- Rate 159.7 1015 (99.1 -36 679 (654 46.7 (456 -31 75.1 (715 485 (469 -35 16.7 (108 63 (56t —62
upper middle  standardised (155.8 to to 104.3) (-=39to to71.9) t0 47.9) (-35to to 844) to 50.2) (=42 to to 19.1) 6.8) (-68to
income 168.1) —34) —28) -32) —45)
Female to 0.87 071 -19 0.96 0.76 -21 0.78 0.65 -17 0.96 0.81 —-15
male ratio
All ages Number 21 Q2to 31 (3to 48 (42 0.8 (0.8 to 14(13t0 72(63 1(1to1.1) 15(04to 46(32to55 02(02to 02(02to —20
(million) 2.2) 3.1) to 53) 0.8) 14) to 81) 1.5) 0.3) 0.2) (=32to0 15)
Rate 97.6 (953 116 (1132 19 (14 37.7 (363 51.9 (50.6 38 (30 484 (46.1 56.7 (549 17 (6 to 24) 115(76 74065t0 —36
to 102.5) to 119.2) to 23) to 40.1) to 53.2) to 45) to 54.4) to 58.8) to 13.1) 8) (—45 to
-8)
World Bank Age- Rate 71 (702to0 314 (307 - 56 396 (39.2 159 (155 - 60 257 (253 121 (118 -53 57(5to 34(33to -39
high income  standardised 72) to 32.7) (-57t0 to40.2) to 16.6) (-61to to26.1) to 12.5) (-541to 5.9) 37) (-4110
—54) —58) -51) -37)
Female to 0.79 0.76 -4 0.79 0.78 -2 0.72 0.69 -4 118 097 -17
male ratio
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Table 2 Global and regional stroke incidence, prevalence, mortality, and burden from 1990 to 2017 (Continued)

Measure/region  Age Metric All-type stroke Ischaemic stroke Intracerebral haemorrhage Subarachnoid haemorrhage
name Mean (95% uncertainty interval) Mean (95% uncertainty interval) Mean (95% uncertainty interval) Mean (95% uncertainty interval)
1990 2017 Percent 1990 2017 Percent 1990 2017 Percent 1990 2017 Percent
change change change change
All ages Number 09(@09to 08 (08to —12 0505t0 04 04to —15 03(03to 03(03to -—11 01(01to 0101to 8(@to12)
(million) 1) 0.9) (14t 05) 0.5) (=17t 03) 0.3) (=14 to 0.1) 0.1)
-8 -11) =7)
Rate 938927 697682 -26 526 (52to 377 (368 -28 34 (335t0 255248 —-25 72(7to 65(063to —9(=12to
to 95.1) to 72.7) (=27 to 534) to 39.5) (—30to 346) to 26.6) (—27 to 7.6) 6.9) —6)
-23) —25) -22)
DALYs (disability-adjusted life years)
Global Age- Rate 2392.7 1657.2 -31 948.8 702.8 - 26 11584 800.3 -31 285.5 154.1 —46
standardised (23165t0  (15874to (—33to (8914 to (6495 to (—=29to (10952to (7733 to (—34to—28) (2352to (1437to (—51to —35)
2478.9) 1723.8) -29 1008.2) 756.5) -23) 1242.3) 826.1) 3219 170.1)
Female to  0.84 0.73 -13 0.90 0.79 -12 0.76 0.66 -13 1.00 0.89 =11
male ratio
All ages Number 989 (956  132.1 3429 366(343 551509 5045 493 (466 645623 31 (24to36) 129(107 124(116 —-4(-12t0
(million) to 102.5) (1265 to to 37) to 39) to 594) to 56) 10 52.8) t0 66.6) to 14.5) to 13.7) 15)
137.4)
Rate 1832.8 17283 -6(-9 6793 7217 6(2to 9141 (863 8443 -8(=12to 2395 162.3 -32
(17726 t0  (16556to0 to—3) (635710 (666.6 to 10) to 977.8) (8158 to —4) (1976to (1513to  (—38to
1900.2) 1797.7) 723.2) 777.7) 8714) 268.6) 179.1) -19)
World Bank Age- Rate 29549 21537 -27 975.2 7615 —-22 17587 12455 -29 2211 146.6 - 34
low income standardised (27131to  (20056to  (—33to (8553 to (6614 to (—28to (15547to (11373to (=35to (1609to  (1101to  (—42to
31824) 2280) =21 1104.4) 857.8) -16) 1993.4) 1354.8) -22) 294.1) 209) -23)
Female to  1.01 0.88 -12 1.36 1.14 -16 0.89 0.78 -12 0.74 0.69 -7
male ratio
All ages Number 49 (44to 68 (64Ato 40 (28 14(12t0 21(19to 54 (4 3(26to 41 (38to 36(23to52) 05(04to 06(04to 23 (81to46)
(million) ~ 5.3) 7.2) to 54) 1.6) 24) to 67) 3.5 4.5) 0.6) 0.8)
Rate 1483.1 1027.2 -31 4181 3182 (278 -24 9182 619.5 -33 146.8 895 (672 -39
(13485t0 (9628 to (—37to (3656 to to 359.5) (—30to (7947 to (564.8 to (—39to (1068to  to1237) (—47to
1622.4) 1080.8) —24) 476.2) -17) 1059.9) 676.4) —25) 184.6) —28)
World Bank Age- Rate 2635.2 2046.2 —-22 1058 (9684 8223 (748 —22 13222 1034 (9562 —22 2551 189.9 - 26
lower middle  standardised (2526.1t0  (19684to (—26to to 11688) t0 918.8) (—26to (11806to  to 1095) (=27 to (2135t0  (1695to0 (—=32to
income 2743.2) 2122.8) -19 -18) 1429.9) -17) 311) 2236) -17)
Female to  0.93 0.82 -12 1.08 0.89 -18 0.82 0.75 -8 1.00 0.92 -7
male ratio
All ages Number 292 (278 47.1 (45.2 61 (52 101 (92to 173 (156 70 (62 155 (139 249 (231 61 (49to71) 35@Bto 5@4to 40(27to57)
(million) to 304) to 48.8) t0 69) 11.3) to 194) to 80) t0 16.7) 10 26.3) 4.2) 5.8)
Rate 15112 1508.1 0(-6 5256 553 (4996 5(-0 8017 7964 -1(-8to6) 184 1587 - 14
(14415t0  (14494to0  to5) (4789 to 10 621.7) to 11) (7183 to (7398 to (1536to0  (1413to (-21to
1575.9) 1565) 584.3) 865.6) 841.5) 2186) 186.5) -3)
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Table 2 Global and regional

stroke incidence, prevalence, mortality, and burden from 1990 to 2017 (Continued)

Measure/region  Age Metric All-type stroke Ischaemic stroke Intracerebral haemorrhage Subarachnoid haemorrhage
name Mean (95% uncertainty interval) Mean (95% uncertainty interval) Mean (95% uncertainty interval) Mean (95% uncertainty interval)
1990 2017 Percent 1990 2017 Percent 1990 2017 Percent 1990 2017 Percent
change change change change
World Bank Age- Rate 3061.9 1966.7 - 36 11514 882.9 -23 15125 932 (899.2 -—38 398 151.8 —-62
upper middle  standardised (29614 to (18733to  (—38to (10849to (8128 to (—28to (14407 to  to 967.7) (—44 to (2793to  (1371to (—=671t0
income 31994) 2062.6) —34) 1225.4) 952.1) -19) 1686.6) —35) 449.3) 163.9) —48)
Female to  0.84 067 -20 0.90 0.74 -18 0.76 0.59 -22 097 0.82 -16
male ratio
All ages Number 474 (45.8 63.1 (60.1 33 (28 164 (154 279 (256 70 (60 242 (23to 304 (293 26 (15t033) 68 (49to 49 (44to —28
(million) to 49.4) t0 66.2) to 38) to 17.5) to 30.1) to 78) 26.9) to 31.6) 7.6) 53) (—=37to
—4)
Rate 22443 2396.2 7(3to 7785 1057.8 36 (28 11458 11534 1(-8to6) 320 185 —-42
(21687 to (22816 to 10) (7305 to (9724 to to 43) (10909 to  (1112.7 to (2303to  (1664to (—50to
2341.8) 2513.2) 829.2) 1141.2) 1273) 1198.1) 360.1) 200.1) -23)
World Bank Age- Rate 13025 652.2 -50 6388 321.2 -50 493 (4816 2259 -54 170.8 105.1 —38
high income  standardised (1244410 (600.1 to (-=52to (5966 to (282.1 1o (-53to0 to503.7) (2183 t0 (=55to (162810 (973 t0 (=41 1to
1356.5) 703.9) —48) 679.7) 358.9) —47) 234.4) —53) 178.6) 113.4) —35)
Female to  0.76 0.77 1 0.75 0.77 2 0.66 0.64 -4 1.19 1.14 -4
male ratio
All ages Number 169 (16.1 142 (13.1 -16 85 (8 to 7567t0 -11 63(62to 47@6t0 -—-25 2(191to 19(18to —-6(-9to0
(million) to 17.5) to 15.2) (=19t 9.1) 8.4) (—16to 64) 49) (=27 to 2.1) 2.1) -1
-13) -7 -23)
Rate 1685.7 11915 -29 852.1 6343 -26 630.2 3955 -37 2034 161.7 =21
(16116t0 (10984 to  (—32to (7976 to (562.7 to (—30to (6166 to (3829 to (—39to (1938to (149.7to (—24to
1753.7) 1280.2) -27) 905.1) 702.8) -22) 643.6) 409.7) —35) 212.8) 174.6) -17)

Data were extracted from [8]. Rates are defined per 100,000 people
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was more prominent in HICs and UMICs. The highest
age-standardised rate of DALYs lost in 2017 for ischae-
mic stroke was in UMICs (882.9, UI 812.8-952.1); for
intracerebral haemorrhage, the highest rate was in LICs
(1245.5, UI1137.3-1354.8); and for subarachnoid haem-
orrhage the highest rate was in LMICs (189.9, Ul 169.5—
223.6). Female to male ratio of stroke-related global
DALYs lost was 0.73 in 2017, which has decreased by
13% compared to that of 1990.

Overall, comparing the most-affected and the least-
affected income regions based on the age-standardised
rates, there is a 1.7-fold difference in stroke events (ran-
ging from 190.1 [UI 176.6-205] per 100,000 in UMICs to
114.7 [UI 107.3-123] per 100,000 in HICs); a 1.6-fold dif-
ference in stroke prevalent cases (ranging from 1553.2 [UI
1459.9-1648.5] per 100,000 in LICs to 996.0 [UI 949.6—
1049.3] per 100,000 in UMICs); a 3.4-fold difference in
stroke-related deaths (ranging from 106.7 [UI 98.6—114.8]
per 100,000 in LICs to 31.4 [UI 30.7-32.7] per 100,000 in
HICs); and a 3.3-fold difference in stroke DALYs (ranging
from 2153.7 [UI 2005.6-2280] per 100,000 in LICs to
652.2 [UI 600.1-703.9] per 100,000 in HICs).

Modifiable predictors of stroke mortality

In 2017, 5.2 million stroke-related deaths and 116.3 mil-
lion stroke-related DALYs lost worldwide were attribut-
able to modifiable risk factors, less than half of which were
observed for ischaemic strokes (Additional file 2: Table
S1). Since 1990, the mean age-standardised global (ischae-
mic and haemorrhagic) stroke mortality rates attributable
to modifiable risk factors have declined by 34% (UI
30-37%), ranging from 23% in LMICs to 58% in HICs
(Table 3 and Additional file 4: Table S3). The age-
standardised rate of global stroke deaths per 100,000
attributable to modifiable risk factors was 67.9 (Ul 64.2—
71.3) per 100,000 in 2017. This could be explained by im-
provements in quality of life and many SES determinants,
particularly infrastructures, healthcare, and general aware-
ness. However, some unhealthy habits of modern life have
inevitably resulted in an increased stroke mortality rates
attributable to some of the underlying risk factors, such as
smoking, obesity, and alcohol drinking in less wealthy so-
cieties. Overall, there is a twofold to fivefold difference in
stroke mortality rates attributable to modifiable risk fac-
tors between the most-affected and the least-affected SES-
specific countries. Common predictors of stroke risk and
mortality are discussed in the following and in Additional
file 1: Text S1.

Hypertension

Globally, hypertension has remained the leading modifiable
predictor of stroke mortality since 1990 irrespective of SES
(Table 4). This is despite a 32.7% decrease in hypertension-
attributed risk of age-standardised global stroke mortality
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rate from 1990 to 2017, which varied from 19.7% decrease
in LICs to 61.7% decrease in HICs (Table 3). It has also
remained the top predictor of stroke mortality in different
countries being classified based on SDI (Table 4). In 2017,
deaths related to ischaemic rather than haemorrhagic
strokes attributable to high systolic blood pressure were
more common among women than men (Additional file 3:
Table S2). Overall, there is a 3.8-fold difference in rates of
stroke mortality attributable to hypertension between the
most-affected and the least-affected income category, from
59.1 per 100,000 in LICs to 15.4 per 100,000 in HICs.

Dietary risks

Poor dietary habits (i.e. a diet low in fibre, fruits, vegeta-
bles, legumes, whole grains, nuts and seeds, milk, calcium,
or seafood, and high in red meat, eggs, processed meat,
sugar-sweetened beverages, trans-fatty acids, or sodium)
are globally the second leading cause of stroke mortality,
irrespective of income levels or SDI (Table 4). However,
from 1990 to 2017, there was a 36.7% decrease in dietary-
attributed risk of age-standardised global stroke mortality
rate, which varied from 28.7% decrease in LICs to 57.3%
decrease in HICs (Table 3). Overall, there is a 4.3-fold dif-
ference in rates of stroke mortality attributable to dietary
risks between the most-affected and the least-affected in-
come category, from 49.2 per 100,000 in LICs to 11.4 per
100,000 in HICs.

In addition, dietary risks can worsen the consequences
of stroke. In particular, diets low in fruits, low in whole
grains, low in vegetables, high in sodium, and high in
sugar-sweetened beverages increase the likelihood of glo-
bal stroke mortality (Fig. 2). Worldwide, there is a down-
ward trend in stroke events attributable to dietary risks in
different SES regions (Fig. 2). The downslope became
steeper in the UMICs since 2005, particularly in European
and Western Pacific regions compared to the others. This
suggests that better education on healthy diets is needed
in these areas. It is also possible that the speed of deterior-
ation in other cofactors may counteract the improvement
in dietary risks.

Diabetes mellitus

Diabetes and glucose intolerance-related mortality is glo-
bally the third critical risk factor of stroke mortality in
2017 (Table 4). However, the age-standardised global
stroke mortality rate attributable to diabetes mellitus has
decreased by 25.0% from 1990 to 2017, which varied from
4.3% decrease in LMICs to 48.2% decrease in HICs (Table
3). Overall, there is a 3.5-fold difference in rates of stroke
mortality attributable to diabetes mellitus between the
most-affected and the least-affected income category,
from 27.1 per 100,000 in LICs to 7.8 per 100,000 in HICs.



Table 3 Age-standardised rates of stroke mortality and burden attributable to modifiable risk factors

All-type stroke

Ischaemic stroke

Intracerebral haemorrhage

Subarachnoid haemorrhage

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

risks

1990 2017 Percent 1990 2017 Percent 1990 2017 Percent 1990 2017 Percent
change change change change
Deaths per 100,000 people
Global

All risk factors 1027 975t0 679 (64.2 to -34 (-36 467 (424to0 302 (274to -35(37to 472 (@439to 33 (309 to 30 (-3¢ 89(7to 47 (43 to -47 (-52
108.4) 713) to -32) 50.9) 33) -33) 51.6) 35.1) to -27) 10.3) 53) to -34)

Air pollution 145(12to 17) 86 (710 103) -41 (43 56 (45 to 34 (2.7 to 38 (41to 74 (61to88) 45(36to54) -39 (44 1.5(1.1to 0.7 (0.5 to -56 (-61

to -38) 6.7) 4.2) -35) to -36) 1.9) 0.8) to -43)

Other 6.1 (4 to 85) 47 32t065) -22(-27 2(12t03.1) 18(1.1to -17 (<19 to 34(22t049) 26(1.7t037) -23(30 07(4to1) 03(02to -53 (-60

environmental to -16) 26) 1) to -16) 0.5) to -36)

risks

Tobacco 225 (1.1 to 132 (123 to -42 (44 87(8t094) 51 (47to -41 (-44 to 114 (105 to 7 (6.5t0 7.5) -38 (-42 24 (191to 109 to -57 (-62
24.1) 14.1) to -39) 5.5) -39) 12.6) to -35) 29) 12) to -46)

Alcohol use 82 (5.2 to 71 (51t09.1) -13(-29 0.9 (-08 to 13 (03 to 34 (-1079to 7.2 (5to 94) 58 (42to74) -20(-31 0(0to0) 0(to0) 0(0to0)
11.2) to 12) 2.9 23) 841) to -3)

High fasting 22 (139to 16.5 (109 to -25 (-30 11.1 (53 to 79 (39 to 29 (34to 93 (57to 75 (46 to -19 (-25 16 (1to 25 1.1(0.7to -31 (-38

plasma glucose 36.2) 256) to -20) 24.1) 16.5) -23) 14.5) 114) to -14) 1.7) to -16)

High systolic 64.4 (54.2 to 434 (36.6 to -33 (35  28(16to 181 (139to -36(-38to 305 (241 to 221 (175 to -28(-32 59 @44+to 33 (26to -44 (-50

blood pressure 73.8) 4909) to -31) 34.6) 22.3) -33) 37) 264) to -24) 7.2) 3.9) to -32)

High body-mass  13.7 (7 to 132 (8 to 4 (-15t0 47 23to 4123t -13(:221to 73 (37to121) 7647 to 5(10to 1.7(09to 150t02) -12(29

index 21.8) 18.9) 16) 7.8) 6.3) -1) 11.2) 28) 2.7) to 14)

Dietary risks 587 (524 to 37.1 (328 to -37(-39  227(188to 144 (12to  -36(-39to 298 (25.1 to 19.7 (16.7 to -34 (38 624610 3(24to -52 (-58
65) 41.3) to -35) 26.5) 16.8) -33) 34.8) 22.5) to -30) 74) 3.5) to -39)

Low physical 6.3 (22 to 4(141t073) -37 (-40 6.3 (22 to 4(14t073) -37(-40to 0(0to0) 0(0to0) 0(0to0) 0(0to0) 0(to0) 0(0to0)

activity 11.6) to -34) 116) -34)

Impaired kidney 9.2 (6.9 to 6 (4.6 to 7.6) -35(38 47 (33to 29 (2.1 to 38 (41to  45(35to55) 31(25t037) -31(35 0(0to0) 0(to0) 0(0to0)

function 11.8) to -31) 6.3) 338) -34) to -27)

High LDL 114 (4 to 7 (26t0 145) -38 (41 114 (4 to 7 (26 to -38(41to  0(0to0) 0(0to0) 0(0to0) 0(0to0) 0(0to0) 0(0to0)

cholesterol 23.6) to -34) 23.6) 14.5) -34)

World Bank Low Income

All risk factors 1206 (1096 to 909 (82.8 to -25(-30 457 (384to 357 (293to -22(-28to 686 (603 to 509 (45.6 to -26 (-31 63(@45t09) 43(3.1to0 -32 (-41
1314) 98.3) to -19) 53.6) 41.6) -16) 77.1) 56.6) to -19) 6.5) to -20)

Air pollution 24.2 (206 to 16.2 (135 to -33(-38 8.7 (7 to 59 (4.7 to -31 (37 to 14.2 (11.7 to 94 (78 to -33 (-39 14(09to2) 09 (06to -39 (-47
28.1) 19.2) to -27) 10.5) 73) -25) 16.8) 11.2) to -27) 1.3) to -29)

Other 94 (6.2 to 71 (471t098) -25(31 31(19to 26 (16to -16(-23to  57(36t082) 41(26t058 -28(-35 06(03to 04 (0.2 to -34 (-43

environmental 12.9) to -17) 4.5) 3.8) -7) to -20) 0.9 0.6) to -22)
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Table 3 Age-standardised rates of stroke mortality and burden attributable to modifiable risk factors (Continued)

All-type stroke

Ischaemic stroke

Intracerebral haemorrhage

Subarachnoid haemorrhage

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

1990 2017 Percent 1990 2017 Percent 1990 2017 Percent 1990 2017 Percent
change change change change
Tobacco 154 (135 to 10.7 (95 to -30 (-36 48 (4.1 to 3529t 27 (-34to  95(@82t0109) 65 (57t073) -31(37 1.1 (0.8 to 0.7 (0.5 to -38 (-48
17.3) 11.9) to -24) 5.38) 42) -20) to -24) 1.6) 1.1) to -25)
Alcohol use 71 (391t0 10.7) 41 (16t07) -42 (-63 0(-11t01.1) -04(-14to 4097 (-1508 7.1 (43t0102) 45(221t069) -36(-51 0 (0to0) 0(0to0) 0(0to0)
to -27) 0.5) to 1024) to -24)
High fasting 326 (208 to 27.1 (171 to -17 (-24 133 (6 to 114 (5.2 to -14 (-22 to 179 (99 to 145 (83 to -19 (-27 15 (08 to 12 (06 to -22 (33
plasma glucose 50.7) 41.8) to -9) 28.8) 25) -5) 28.9) 22.9) to -10) 2.7) 2.1) to -8)
High systolic 735 (606 to 59.1 (49.2 to -20 (25 262 (197to 215(161to -18(-24to 433 (335to 346 (274 to 20(-26 41 (28to6) 3(2to46) -28(-37
blood pressure 86) 68.1) to -14) 33.7) 27.5) -11) 53.2) 41.3) to -13) to -16)
High body-mass 11 (4.2 t0 20.8) 129 (69 to 17(-5t0 27(1to52) 33(1.7t0 24(0to76) 75(29to0142) 87 (46t0138) 16(-6to 09 (03 to 09 (04 to 6 (-17 to
index 20.1) 67) 5.5) 65) 17) 1.6) 59)
Dietary risks 69 (59.2 to 492 (42.2 to -29 (-3¢ 229(177to 172(132to -25(31to 419 (338to 294 (239 to -30(-36 42(Bto6.1) 27(19to4) -36 (-45
79.2) 56.6) to -23) 283) 21.3) -19) 50.7) 354) to -24) to -26)
Low physical 55(18to0 105) 42 (15t081) -22(-29 55 (1.8 to 42 (15to 22 (29to  0(0to0) 0(0to0) 00to0) 0(to0) 0 (0to0) 0(0to0)
activity to -16) 10.5) 8.1) -16)
Impaired kidney 125 (94 to 93 (7to 11.8) -26 (-32 523B6t07) 4(Q7to54) -24(31to 73(6t091) 53@42to66) -27(-33 0(0to0) 0(0to0) 0(0to0)
function 15.6) to -20) -18) to -20)
High LDL 84 (33t0 185 7(7to152) -16(-23 84 (33 to 7 (2.7 to -16 (-23to 0(0to 0) 0(0to0) 0(0to0) 0(0to0) 0(to0) 0(0to0)
cholesterol to -9) 18.5) 15.2) -9)
World Bank Lower Middle Income
All risk factors 1136 (1068 to  87.7 (82.5 to -23 (-26 532 (469to 39.7 (35to -25(-29to 529 (46.7 to 422 (383 to -20 (-25 75 (6.2 to 58 (5t069) -23(-32
121.1) 92.7) to -20) 60.3) 44.9) -21) 58.7) 45.7) to -15) 9.7) to -13)
Air pollution 19.1 (16.1 to 123 (10.1 to -36 (-40 8(641t096) 51(@to63) -36(41to 97(78to114) 63 (51t075) -35(-40 15(01t02) 1(07t012) -36(-43
22.2) 14.7) to -31) -31) to -30) to -27)
Other 77 (5.1 t0105) 67 (45t09.1) -13(-18 28 (1.7 to 27 (1.7t04) -3(-12to 8 42(271t06) 35Q23t049) -17(-24 06 (04to1) 05(03to -23 (-34
environmental to -6) 4.2) to -10) 0.7) to -7)
risks
Tobacco 205 (187 to 13.8 (126 to -33(-38 82 (72 to 53 (4.7 to -35 (-40 to 10.7 (93 to 74 (661t082) -31(37 16 (12 to 1.1 (09 to -34 (-44
22.5) 15.1) to -28) 94) 6.1) -30) 12.1) to -25) 23) 1.4) to -19)
Alcohol use 49 (26t073) 66(49t085 34(Q2to 06(-07to 15 (0.7 to 159 (-2053 44 (29t059) 51(37t067) 17(4to 0(0to0) 0(to0) 0(0to0)
101) 1.9) 23) to 2162) 52)
High fasting 27.1 (168 to 259 (169 to -4 (-13to 136 (6.2 to 123 (58t0 -9(18to2) 119 (68 to 12 (72t0 183) 1 (-8to 16(1to26) 16(0to24) -1(-15to
plasma glucose  45.8) 40.7) 5) 30.9) 25.9) 19.2) 1) 14)
High systolic 714 (60.7 to 57 (48.7 to 20 (24 316 (244to0  241(187to -24(-28to 348 (27 to 289 (23 to -17 (23 51 (39to 4.1 (32 to -20 (-28
blood pressure 81.9) 654) to -17) 40) 30.7) -19) 42.2) 34.6) to -11) 6.7) 5.1) to -10)
High body-mass ~ 11.1 (5.5 to 14.7 (9 to 21) 33 (10to 39 (19to 43 (25 to 11(-3to34) 6.1(29to105) 88 (53to127) 45(17to 1.1 (05to 16 (1to023) 44(15to
index 18.4) 69) 6.6) 6.6) 92) 1.9) 95)
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Table 3 Age-standardised rates of stroke mortality and burden attributable to modifiable risk factors (Continued)

All-type stroke

Ischaemic stroke

Intracerebral haemorrhage

Subarachnoid haemorrhage

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

1990 2017 Percent 1990 2017 Percent 1990 2017 Percent 1990 2017 Percent
change change change change
Dietary risks 63.7 (56.1 to 445 (38.7 to -30 (-34 262 (207to  175(141to -33(-37to 325 (265t0 234 (19.2 to -28 (-33 5(39t066) 35(8to -30 (-37
71.8) 50.2) to -27) 314) 21.1) -29) 38.5) 27.7) to -23) 44) to -21)
Low physical 6.7 (2210 126) 49(1.7t09.1) -27(-31 6.7 (22 to 49 (1.7 to 27 (-31to 0(0to0) 0(0to0) 0(0to0) 0(0to0) 0(to0) 0(0to0)
activity to -23) 12.6) 9.1) -23)
Impaired kidney 113 (86 to 89 (6810 11.2) -22(-26 58 (4.1 to 43 (3t057) -25(30to 56(44t069 46((37t056) -17(-23 0(0to0) 0(to0) 0(0to0)
function 14.3) to -17) 7.7) -20) to -12)
High LDL 111 (4to246) 823110 178) -26(-30 111 (4to 82 (3.1 to -26 (-30to 0(0to0) 0(0to0) 0(0to0) 0(0to0) 0(0to0) 0(0to0)
cholesterol to -21) 24.6) 17.8) -21)
World Bank Upper Middle Income
All risk factors 1339 (1264 to  84.8 (799 to -37 (-39 56.1 (513to 383(351to -32(35t0 64 (59to724) 413 (384 to -35 (-42 13.7 (88 to 52 (45 to -62 (-68
142.4) 89.6) to -34) 61.7) 417) -28) 44.2) to -31) 16) 5.8) to -45)
Air pollution 193 (159 to 102 (8 to 12.3) -47 (-51 6.9 (5.5 to 42 (33to -39(44to 10(@82to122) 53(42to63) -47(53 24(15t03) 07(05to =72 (-77
23) to -44) 84) 52) -34) to -43) 0.8) to -58)
Other 87(7t012) 63@42t087) -27(33 25(15t0 24 (15t 6(-18t09) 49(31to71) 35(23to51) -28(38 12(06to 04 (0.2 to -68 (-75
environmental to -20) 3.8) 3.5) to -19) 1.8) 0.6) to -48)
risks
Tobacco 30.8 (285 to 189 (176 to -39 (-43 109 (10 to 75(7t081) -31(-36to 16.3 (14.7 to 10.1 (94 to -38 (-44 36 (24 to 13(1.1to -65 (-72
33.5) 20.3) to -35) 12.1) -25) 18.5) 10.8) to -33) 4.4) 1.5) to -49)
Alcohol use 10.7 (6.7 to 11.1 (75 to 4(-20to 09 (-1t029 24(09to4) 175(-2437 9867 to13) 86®I1to113) -12(30 0(0to0) 0(0to0) 0 (0to0)
14.8) 14.5) 46) to 2863) to 18)
High fasting 243 (157 to 16.2 (10.5 to -34 (38 116 (5.7 t0 8 (4.1 to -31(36to 106 (6610 72 (4510 109) -32(38 22(12to 1(061to015) -54(-61
plasma glucose 38.7) 25.2) to -29) 24.3) 16.1) -25) 16.3) to -26) 3.4) to -36)
High systolic 815 (67610 539 (45 to -34 (137 328 (252to 229(177to -30(-34to 40 (308 to 274 (213 to -32(-38 87 (55t0 36 (28 to -59 (-65
blood pressure 94.8) 62.4) to -31) 40.8) 284) -27) 494) 333) to -27) 11.1) 43) to -40)
High body-mass  17.7 (8.7 to 16.1 (94 to 9(21to 6(29t099 54(29to -17 (-19 to 95M@5to16) 92(54t0139) -3(-18to 22(1t0o38) 16(1to22) -27(-46
index 29.1) 23.7) 11) 84) 1) 20) to 6)
Dietary risks 84 (744 to 489 (429 to -42 (-45 302 (252to0  195(163to -36(40to 436 (369 to 26.1 (222 to -40 (-47 10.2 (6.3 to 33 (28to -67 (-72
93.5) 54.6) to -39) 353) 22.5) -31) 51.3) 30) to -36) 12.3) 39) to -51)
Low physical 77 (2610 143) 51(1.8t094) -34(-37 7.7 26 to 51(1.8to -34(-37to  0(0to0) 0(0to0) 0(0to0) 0(Oto0) 0(0to0) 0(0to0)
activity to -30) 14.3) 94) -30)
Impaired kidney 114 (85 to 68 (5.1t086) -40(45 56(39to 34 (24 to 40 (43to 57 @45t072) 34Q27to42) -41(47 0(0to0) 0(0to0) 0 (0to0)
function 14.6) to -37) 74) 45) -36) to -37)
High LDL 137 (5t0283) 92(33t0188) -33(-37 137 (5to0 92 (33 to -33(-37to 0(0to0) 0(0to0) 00t0) 0(0t0) 00to0 0(0to0)
cholesterol to -30) 283) 18.8) -30)
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Table 3 Age-standardised rates of stroke mortality and burden attributable to modifiable risk factors (Continued)

All-type stroke

Ischaemic stroke

Intracerebral haemorrhage

Subarachnoid haemorrhage

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

1990 2017 Percent 1990 2017 Percent 1990 2017 Percent 1990 2017 Percent
change change change change
World Bank High Income
All risk factors 609 (57.2 to 255 (236 to -58(-59  332(330.1to 12511 to -62 (-64to 227 214 to 10.2 94 to -55(-57 49 (46to 28 (26 to -42 (-45
64.2) 27.5) to -56) 36.4) 14.2) -60) 239 10.9) to -53) 52) 3.1) to -39)
Air pollution 5(38t063) 19(14t024) -62(65 25(19to 09 (06 to -66 (-68to 2 (1.5to 2.5) 08 (0610 1) -61 (64 05 (04 to 03 (0.2 to -49 (-53
to -60) 33) 1.1) -64) 10 -58) 0.6) 0.3) to -46)
Other 19(09to3.1) 08(03to13) -60(-64 09 (04 to 03 (0.1to 62 (-66to 08 (04to14) 03(0.1to06) -59(-65 02 (0.1 to 0.1 (0to0.1) -53(-61
environmental to -57) 1.6) 0.6) -60) to -55) 0.3) to -46)
risks
Tobacco 15.1 (14.2 to 42 (39t045) -72(-74 69 (6A4to 16 (15 to <76 (-77t0  65(0611t069) 19(1.7t02) 71 (73 18(1.7to 0.7 (0.6 to -63 (-65
16) to -71) 7.3) 1.8) -75) to -69) 1.9) 0.7) to -60)
Alcohol use 71 (411t 10.1) 21(08to34) -71(83 12(-1t034) -01(-09to0 -107(-474 59 (4to76) 21 (1310 3) -63 (71 0(0to0) 0(0to0) 0(0to0)
to -62) 0.8) to 322) to -58)
High fasting 151 (9to 26.7) 78 (48to 134) -48 (-53 89 (410202 41(19to 54 (-57to 52(3B1to87) 3(18to5) -43 (-48 106to14) 07 (05to -23 (-30
plasma glucose to -42) 9.6) -49) to -38) 1.1) to -15)
High systolic 40.1 (33.7 to 154 (126 to -62 (-64 208 (158to0 7.1 (52 to -66 (-68 to 15.8 (125 to 64 (49 to 8) -59 (-62 35(3to41) 19(15t0 -47 (-51
blood pressure 46.4) 18.2) to -60) 263) 9.2) -64) 18.8) to -57) 2.2) to -44)
High body-mass 109 (63 to 61 (41084 -44(50 39(2t063) 19(11t03) -52(56t0 53311079 31Qt043) 43(49 17(1t0 1108t  -31(37
index 16.2) to -35) -44) to -32) 23) 1.5) to -21)
Dietary risks 26.7 (236 to 114 (99 to -57 (-59 129 (106to0 49 (4to58) -62(-64to 11 (9.21t0 128 49 41to58 -55(57 28 ((4to 16 (13 to -43 (-45
30) 12.9) to -55) 15.1) -60) t0 -53) 3.3) 1.9) to -40)
Low physical 49 (16t09) 2 (06 to 3.6) -60 (-61 49(16t09 2(06t036) -60(61to 0(0to0) 0(00to0) 0(0to0) 0(0to0) 0(0to0) 0(0to0)
activity to -58) -58)
Impaired kidney 52 (3.6 to 7) 22 (1510 3) -58 (62 32(to44) 13(08to -61 (-65t0 21 (15t026) 09(0.7t012) -54(-57 0(0to0) 0(0to0) 0(0to0)
function to -55) 1.8) -57) to -51)
High LDL 9.1 (2810 193) 33(1to7.3) -64 (66 9.1 (28to 33(1to73) -64(-66t0 0(0to0) 0(0to0) 00to0) 0(0to0) 0(0to0) 0(01to0)
cholesterol to -62) 19.3) -62)
DALYs (Disability-Adjusted Life Years) per 100,000 people
Global
All risk factors 2073.7 (19814 14496 (13786 -30(-32 8199 (7525 6056 (5492 -26(-29to 10219 (960 to 7144 (6808 to -30(-34  2319(190to 1296 (1195 -44 (-49
to 2169.1) to 15194) to -28) to 886) to 662.8) -23) 1102.1) 747.7) to -27) 264.7) to 1433) to -33)
Air pollution 3339 (2785t0 2019 (1641 to -40 (43 1089 (878to 722 (574to -34(-37to 1819 (1488to 109.7 (893to  -40(-44 431 (33 to 199 (156 to  -54 (-59
390.6) 240.1) to -37) 129.6) 873) -30) 2134) 130.8) to -36) 53.1) 24.6) to -43)
Other 1426 (94410 1012 (667t0 -29(-33 422 (2610 378 (239to -11(-177to 813 (528to 549 (352 to -32(-38 191 (11.1to 85(5to -56 (-63
environmental 196.2) 139.1) to -25) 61) 53.1) -2) 114.4) 77.1) to -27) 28.2) 12.7) to -43)
risks
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Table 3 Age-standardised rates of stroke mortality and burden attributable to modifiable risk factors (Continued)

All-type stroke

Ischaemic stroke

Intracerebral haemorrhage

Subarachnoid haemorrhage

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

1990 2017 Percent 1990 2017 Percent 1990 2017 Percent 1990 2017 Percent
change change change change
Tobacco 5594 (5202 to 3405 (3157 to -39 (-42 196.7 (180.3 1287 (116.7 -35(-38to 2912 (2655to 179.1 (1664 to -38 (-42 716 (577 t0 326 (29 to -54 (-59
599.6) 367.2) to -37) to 214) to 142.1) -31) 318.5) 192.1) to -35) 84) 36.9) to -46)
Alcohol use 1943 (1373 to 1726 (1304 to  -11 (-24 273 (-14 to 351 (142to0 29 (-271to 167 (1206 to 1375 (103.1to -18(-28 0(0to0) 0(to0) 0(0to0)
252.6) 214.4) to 7) 58.9) 56.2) 440) 211.5) 171.5) to -2)
High fasting 405.5 (280.5t0 3349 (2358to -17(-23 180.8 (953 to 150 (82.1to -17 (-24 to 1866 (1198 to 1569 (1014 to -16 (-22 381 (243to 28(181to -27 (-34
plasma glucose 582.8) 464.6) to -12) 331) 259.6) -9) 268.8) 221.3) to -10) 56.1) 39.7) to -12)
High systolic 12996 (11109 9367 (8053 to -28(-30  4976(399.2 3708 (2955 -25(-29to 653 (5385t0 4784 (4006 to -27 (-31 149 (1162 to 874 (725t0 -41 (-46
blood pressure to 1465) 1053) to -26) to 591.1) to 439.7) -22) 764.1) 550.2) to -23) 178.9) 104.2) to -30)
High body-mass 3884 (2095 to 4068 (2626to 5 (-10to  119.1 (64410 1243 (758 4 (6to21) 2111 (1104t0 2288 (1462t0 8(8to 582 (318to 538 (366t0 -8(-25¢t0
index 604.8) 557.3) 27) 186.6) to 179.9) 337.6) 315.5) 35) 91.6) 71.8) 19)
Dietary risks 1367.2 (12289 908 (809.5to  -34 (-36 4787 (4079 348 (2935t0 -27 (-31to 7147 (6142to 4714 (4063 to -34(-38  1738(136.7 886 (75.1to -49 (-54
to 1512) 1004.7) to -31) to 5504) 401.4) -23) 822.3) 534.8) to -31) to 205.7) 103.3) to -38)
Low physical 989 (34.3 to 70.1 (239 to -29 (-32 989 (343to 701 (239to -29(32to 0(0to0) 0(0to0) 0(0to0) 0(0to0) 0(0to0) 0(0to0)
activity 186.3) 131.6) to -25) 186.3) 131.6) -25)
Impaired kidney 1777 (1454 to 1269 (1047 to  -29 (-32 816 (639to 588 (471to -28(-32to  96.2 (794 to 68 (56 to 80.5) -29 (-33 0(0to0) 0(to0) 0(0to0)
function 212.9) 152.2) to -25) 100.1) 72.3) -23) 115.1) to -26)
High LDL 2193 (1227 to  159.1 (93 to -27 (-31 2193 (1227 159.1 93to -27(31to  0(0to0) 0(0to0) 0(0to0) 0(0to0) 0(0to0) 0(0to0)
cholesterol 370.8) 269.2) to -23) to 370.8) 269.2) -23)
World Bank Low Income
All risk factors 25559 (23376 1895.1 (17626 -26 (-31 830.2 (7149 6573 (5593 -21 (-27 to 1549.7 (13638 11149 (10132 -28 (-34 176.1 (128 to  122.8 (904 -30 (-39
to 2776.2) to 2011.5) to -19) t0 954.2) to 749.3) -15) to 1747.1) t0 1219.3) to -21) 239.5) to 177.1) to -19)
Air pollution 5634 (4694 to 3722 (310 to -34 (-40 168.5 (136.2 117 (935t0 -31(-37to 3527 (2866to 229 (1879 to -35 (-41 42.1 (29 to 262 (184 to -38 (-46
659.7) 4343) to -27) to 205.5) 142.3) -24) 426.1) 271.2) to -28) 59.8) 38.9) to -27)
Other 2085 (1365to 1463 (96.7to  -30(-36 598 (374to 492 (309to -18(-24to 1324 (833to 87 (544 to -34 (-41 163 (91to 102 (5.7to  -38(-46
environmental 286.1) 200.1) to -21) 84) 68.4) -9) 188.2) 123.2) to -26) 26.2) 16.4) to -24)
risks
Tobacco 3886 (341.7to 2722 (2391 to -30(-36 1063 (89.5t0 809 (678to -24(-31to 2485 (212 to 169.9 (1473 to -32(-38 338 (229to 213 (148to -37 (47
437.8) 3034) to -23) 126.1) 95.5) -16) 287.9) 192.5) to -23) 47.8) 313) to -24)
Alcohol use 186.1 (1158to 1157 (572to  -38 (-55 59 (-13.6 to -1.5(-189to  -126 (-908 180.1 (116 to 1173 (628t0 -35(50 0(0to0) 0(0to0) 0(0to0)
265.4) 179) to -23) 27.1) 16.1) to 762) 251.7) 170) to -23)
High fasting 6305 (4216to 5267 (3532to -16(-24  2265(1129 2007 (101.7 -11(-19to 3668 2156to 296 (1771to  -19(-27 372 (02to 30.1 (163 to -19 (-31
plasma glucose 897.9) 740.8) to -7) to 436.8) to 387.3) -1 562.8) 448.4) to -9) 61.9) 50.5) to -5)
High systolic 15849 (13427 12569 (10716  -21 (-26 4882 (379to 4083 (3147 -16(-22to 9837 (786to 7645 (631510 -22(-29 113 (79to 84 (599to  -26 (-35
blood pressure to 1820.3) to 1414.2) to -14) 600.5) to 497) -10) 1189.8) 892) to -15) 160.9) 123.7) to -14)
High body-mass  329.1 (1324 to 3875 (155t0 18(6to 71.1 276to 919 (493to 29 (4t086) 2264 (899to0 2606 (1443to0 15(-8to 316(121to 35(18to 11 (-14 to
index 601.6) 584.6) 70) 133.9) 1454) 413.6) 3994) 67) 61.8) 59.2) 70)
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Table 3 Age-standardised rates of stroke mortality and burden attributable to modifiable risk factors (Continued)

All-type stroke Ischaemic stroke Intracerebral haemorrhage Subarachnoid haemorrhage

Mean (95% uncertainty interval) Mean (95% uncertainty interval) Mean (95% uncertainty interval) Mean (95% uncertainty interval)

1990 2017 Percent 1990 2017 Percent 1990 2017 Percent 1990 2017 Percent

change change change change

Dietary risks 16569 (14313 11634 (10044  -30 (-35 488.3 (3833 3724 (2932 -24 (-30to 1040.5 (839.2 707.1 (575 to -32 (-38 128.1 (92.7 838 (594 to -35 (43

to 1901.9) to 1332) to -23) to 591) to 4493) -17) to 1254.7) 844.1) to -25) to 176.8) 119.9) to -24)
Low physical 90.6 (30.2 to 70.7 (24 to -22 (-28 906 (30.2to  70.7 (24 to -22(-28to0 0(0to0) 0(0to0) 0(0to0) 0(0to0) 0(to0) 0(0to0)
activity 175.3) 135) to -15) 175.3) 135) -15)
Impaired kidney 2485 (198 to 1826 (1476 to  -26 (-32 92 (684 to 71 (534 to -23 (29 to 1565 (1238to0 1116(902to  -29 (-35 0(0to0) 0(to0) 0(0to0)
function 305.1) 220.4) to -20) 117.1) 90.6) -16) 193.2) 135.1) to -21)
High LDL 1738 (986to 1477 845to -15(-22 1738 (986to 1477 (845 -15(-22to 0(0to0) 0(0to0) 00to0) 0(0to0) 0(0to0) 0(0to0)
cholesterol 306.6) 258.2) to -7) 306.6) to 258.2) -7)

World Bank Lower Middle Income
All risk factors 22939 (21766 18092 (17212 -21 (25 9123 (817to 71456387 -22(-26to  1174.1 (1047.7 9315(8605to0 -21(-26 2074 (173.1 1632 (144 to -21 (-29

to 2406.5) to 1895) to -18) 1020.2) to 801.4) -17) to 12789) 993.2) to -16) to 259.1) 192.6) to -12)
Air pollution 4317 (363.7to 2821 (2307to -35(-39 1493 (1202 986 (769t0 -34(-39to 2374 (193.1to 1542 (1239t0 -35(-40 45(342to 293 (224to -35(-42
502) 332.5) to -30) to 180) 121.9) -29) 279.5) 185.2) to -30) 595) 373) to -27)
Other 1748 (1175t0 1386 (93.1to -21(-26 557 (352to 507 (326to -9(-16+to 1009 (652 to 752 (482 to -25 (-31 183 (11 to 127 (76to  -30 (-39
environmental 236.9) 188.3) to -16) 78.5) 70.8) -1) 140.2) 106.1) to -19) 283) 18.9) to -18)
risks
Tobacco 4994 (4544 to 3466 (3145to0 -31(-36 173.5(153.2 120 (106.1 to -31 (-36to 2758 (2404 to 192.7 (1725to -30(-36 50.1 (378to 339 (284to -32(-42
546.4) 379.9) to -26) to 197.9) 137.4) -26) 309.9) 213.7) to -24) 68.1) 42.2) to -18)
Alcohol use 1299 (84.1to 158 (1202to 22(0to 177(35to 319(157to 80(-662to 1122 (766to 1261 (922to 12(-6to 0 (0to0) 0(0to0) 0(0to0)
177.3) 200.3) 62) 399 48.9) 998) 150.1) 162.1) 42)
High fasting 4956 (336.7to 5028 3506to 1 (-7to 2162 (1089 2123 (113to -2(-12to 2402 (149.7t0 2498 (160to 4 (-6 to 39.1 (238to0 406 (253t0 4 (-9to
plasma glucose 7274) 701.9) 1) to 403.7) 379) 10) 359.9) 360.9) 15) 63.3) 61.1) 19)
High systolic 1466.2 (12508 11995 (1035 -18 (122 556.1 (4425 4471 (3577 -20(-24to 7727 (627to  6395(5365to0 -17(-23 1373 (106to 1129(90.7  -18(-26
blood pressure to 1653.1) to 1343.5) to -14) t0 672.3) to 535.1) -15) 912) 742.1) to -12) 177.1) to 139.2) to -8)
High body-mass 3182 (1658 to 4483 (2892 to 41 (16to 96.1 (51.5t0 1212 (756 26 (9to 55) 1825(91.7to 2684 (172 to 47 (18to 396 (199to 587 (374to 48 (18to
index 5189) 620.2) 81) 156.5) to 175.8) 304.4) 372.8) 95) 66.1) 834) 101)
Dietary risks 14746 (13019  1057.7 (9264 -28 (-32 529 (4305to 3779(3098 -29(-32to 7945 (6555t0 5714 (4773to -28(-33 151 (120to 1084 (87.5 -28 (-35
to 1649.7) to 1202.3) to -25) 630) to 449.5) -24) 928.5) 672) to -23) 192.4) to 132.8) to -20)
Low physical 1042 353to0 794 (273 to -24 (-28 1042 353t0 794 (273to -24(28to 0(0to0) 0(0to0) 0(0to0) 0(0to0) 0(to0) 0(0to0)
activity 195.8) 148) to -19) 195.8) 148) -19)
Impaired kidney 2192 (1797 to 1787 (1477 to -18(-23 982 (764t0 778 (613to -21(25to 121 (97510 1009 828to -17(22 0(0to0) 0(0to0) 0(0to0)
function 2634) 214.2) to -14) 122.2) 96.3) -15) 145.9) 120.7) to -11)
High LDL 2108 (1162 to 1686 (973t0  -20(-24 2108 (1162 1686 (973 -20(-24to  0(0to0) 0(00to0) 00to0) 0(©0to0) 0(0to0) 0(0to0)
cholesterol 372.3) 296.7) to -14) to 372.3) to 296.7) -14)
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Table 3 Age-standardised rates of stroke mortality and burden attributable to modifiable risk factors (Continued)

All-type stroke

Ischaemic stroke

Intracerebral haemorrhage

Subarachnoid haemorrhage

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

1990 2017 Percent 1990 2017 Percent 1990 2017 Percent 1990 2017 Percent
change change change change
World Bank Upper Middle Income
All risk factors 26322 (25115 17135(16181  -35(-38 9905 (9169 7594 (6914 -23 (-28to  1320.1 (1241.1 8272 (7843 to -37(-43  3216(2239 1269 (1129 -61 (-66
to 2772.3) to 1812.6) to -32) to 1073.1) to 833.1) -19) to 1474.3) 866.7) to -34) to 367.1) to 137.7) to -46)
Air pollution 424 (353 to 2208 (1776t0 -48(-52 133 (1073to 859 (676to -35(-41to 2297 (1878to 117 (94.1 to -49 (-55 613 (407to 179(139t0 -71 (-75
494.8) 265.2) to -45) 159.4) 105.6) -30) 275.8) 140.3) to -45) 75.5) 21.8) to -59)
Other 1959 (1325to 1256 (836to  -36 (-41 538(335t0 496 (316to -8(-17to3) 1119(737to 673 (43.7 to -40 (-48 302 (163to 87 (53to -71 (-78
environmental 265.1) 170.2) to -31) 77.0) 70.2) 156.8) 94.4) to -33) 44.6) 12.6) to -57)
risks
Tobacco 7478 (6915t0 4646 (431710 -38(-41 24762256 186.1 (1696 -25(-31to 4014 (3638t0 2418 (2249to -40 (45 988 (695t0 366 (313t0 -63 (-69
805.9) 499.7) to -34) to 270.8) to 205.7) -19) 451.8) 259.2) to -35) 117.6) 41.1) to -50)
Alcohol use 265.1 (1848to0 2585 (187.7t0 -2(-23to 329(-03to 609 (302to 85(-200to 2321 (1646t0 1976 (1435t0 -15(32 0(0to0) 0(0to0) 0(0to0)
348.7) 327.5) 29) 68.7) 934) 712) 299.7) 250.3) to 10)
High fasting 4497 3136 to 319.1 2218to -29 (-34 192 (1054 to  152.2 (855 21 (-27to 2093 (1349to 1436 (959to  -31(-38 484 (287to 232 (155to0 -52(-59
plasma glucose 630.1) 448.8) to -24) 346.3) to 260.8) -13) 295.4) 199.3) to -26) 71.9) 32) to -35)
High systolic 1591 (13436 1095.7 (930.5 -31(-34 5826 (4592 4643 (3649 -20(-25to 8106 (6572 to 546.1 (4523 to -33 (-39 197.7 (135to 853 (696 to -57 (-63
blood pressure to 1810) to 1236) to -28) t0 694.7) to 5514) -16) 971.1) 637.3) to -28) 2452) 100.3) to -41)
High body-mass 4926 (2538to 4778 (2958to -3 (-17to 1493 (78410 1578 (92to 6 (-6to22) 272 (1356 to 2655 (164.1t0 -2 (-18to 713 (355to0 54537 to -24 (-43
index 789) 669.6) 20) 236.4) 235.1) 444.8) 376) 24) 119.8) 72.8) to 9)
Dietary risks 1864.7 (16844 11303 (10086 -39 (43 6275 (536t0 461.7 (3901 -26(-32to 983 (850 to 5787 (5044 to -41(-47 2542 (1717 899 (765to -65 (-70
to 2045.5) to 1248.1) to -36) 7182) to 530.3) -21) 1140.6) 646.9) to -37) to 301.5) 103.3) to -51)
Low physical 1195 (41.7to 88 (30.1 to -26 (-31 1195 (41.7t0 88(30.1to -26(31to  0(0to0) 0(0to0) 00to0) 0(0to0) 0(0to0) 0(0to0)
activity 223.1) 164.7) to -21) 223.1) 164.7) -21)
Impaired kidney 2175 (1778 to 1393 (1138to -36 (40 978 (77 to 684 (544to0 -30(-35to  119.7 (98 to 709 (58.7 to 41 (46 0(0to0) 0(0to0) 0(0to0)
function 263.5) 167.6) to -32) 120.5) 84.5) -25) 145.5) 84.3) to -37)
High LDL 268.1 (153.1to 203 (116 to -24 (-29 268.1 (153.1 203 (116to  -24(-29to 0(0to0) 0(0to0) 0(to0) 0(0to0) 0(0to0) 0(0to0)
cholesterol 454) 345.7) to -20) to 454) 345.7) -20)
World Bank High Income
All risk factors 11426 (10813 5556 (5073 to -51 (-54 552 (5047 to 2679 (231to -51 (-55to 4439 (4258to 1984 (188 to -55 (-57 146.7 (1383 893 (815to -39 (-42
to 1199.9) 602.9) to -49) 599.4) 305.6) -49) 459) 208.3) to -54) t0 155.2) 97.3) to -36)
Air pollution 105.1 (80.3to 439 (326 to -58 (-61 439 (33 to 179 (133to -59(62to 452 (343 to 17.8 (13.1 to -61 (-63 16 (12 to 83 (6to -48 (-52
132) 55.8) to -56) 55.9) 233) -56) 56.3) 22.8) to -58) 20.2) 10.7) to -45)
Other 376 (169 to 14.1 (54 to -62 (-69 16 (7.2 to 6.6 (26 to -59 (-65 to 16.7 (74t0 28) 56 (21to 104) -67 (-74 48 (1.8to 19 (05t04) -61(-71
environmental 62.2) 25.7) to -58) 26.9) 11.9) -55) to -62) 89) to -54)
risks
Tobacco 3881 (3625t0 1293 (116210 -67 (69 1616 (147t0 537 (46to  -67 (-69to 1638 (1546t0 49.7 (46 to -70 (71 628 (583to 259(2233to -59 (-61
413.8) 143.3) to -65) 176.7) 61.7) -64) 172.3) 53.6) to -68) 67.5) 29) to -56)
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Table 3 Age-standardised rates of stroke mortality and burden attributable to modifiable risk factors (Continued)

All-type stroke

Ischaemic stroke

Intracerebral haemorrhage

Subarachnoid haemorrhage

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

Mean (95% uncertainty interval)

1990 2017 Percent 1990 2017 Percent 1990 2017 Percent 1990 2017 Percent
change change change change
Alcohol use 150.1 (1019to 526 (276 to -65 (-76 282 (-5.7 to 59 (-11 to -79 (-(259to 1219 (87.1to  46.7 (298 to -62 (-68 0 (0to0) 0 (0to0) 0(0to0)
199.9) 78.7) to -57) 63.2) 24.1) 70) 153.6) 62.2) to -56)
High fasting 2517 (1657 to 1528 (100.1 to -39 (-45 1358 (689t0 814 (414to -40(46to 918 (59.7 to 522 (339to -43 (-48 24 (158 to 192 (126 to  -20 (-26
plasma glucose 396) 2274) to -33) 261.9) 149.9) -33) 131.9) 76.1) to -37) 33.4) 27) to -12)
High systolic 762.2 (663.7 to  333.7 (280 to -56 (-58 3529 (2819 153.1 (116.7 -57 (-60to 3068 (2596 to 124.2 (1022to -60 (-61 1026 (85.7 564 (45.7 to  -45 (-48
blood pressure 857.2) 386.2) to -54) to 419.5) to 188.4) -54) 350.1) 145.1) to -58) to 118.6) 67.7) to -42)
High body-mass 3187 (1988 to 2134 (1508 to -33 (40 1068 (62.1to 752 (495t0 -30(-38to 1477 (919to 898 (654 to -39 (46 643 (424to 483 (357to0 -25(-32
index 4456) 275.8) to -21) 158.7) 105.3) -16) 207) 114.9) t0 -28) 86.8) 613) to -14)
Dietary risks 6084 (540 to 3032 (2606 to -50 (-52 2635 (2197 1328 (1066 -50 (-53to 2499 (2129to 1126 (948to  -55(-56 95 (809 to 578 (484 to -39 (-42
686) 345.1) to -48) to 308.1) to 159.7) -47) 289.3) 130.7) to -53) 109.7) 67.4) to -36)
Low physical 729 (249 to 363 (121 to -50(-53  729(49to 363 (121to -50(-53to 0(0to0) 0(00to0) 0(0to0) 0(Oto0) 0(0to0) 0(0to0)
activity 137.4) 68.5) to -47) 1374) 68.5) -47)
Impaired kidney 87 (67.9 to 413 (319 to -53 (-55 496 (366to  245(181to -51 (-55t0 374 (309to 168 (13.7 to -55 (-57 0 (0to0) 0(0to0) 0(0to0)
function 108.1) 52.1) to -50) 63.6) 32) -47) 44.8) 204) to -53)
High LDL 1663 (86.7to 788 (434 to -53 (-56 1663 (86.7t0 788 (434to -53(-56to 0 (0to0) 0(0to0) 0(0to0) 0(0to0) 0(0to0) 0(0to0)
cholesterol 293.9) 135) to -47) 293.9) 135) -47)
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Note: Data were extracted from [8]; All risk factors data report the aggregated values for all 11 modifiable risk factors, i.e., air pollution, other environmental risks, tobacco, alcohol use, high fasting plasma glucose, high
systolic blood pressure, high body-mass index, dietary risks, low physical activity, impaired kidney function, and high LDL cholesterol; Non-significant changes are set in italics; Rates are defined per 100,000 people
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Table 4 Rank of age-standardised stroke mortality rate attributable to modifiable risk factors in (A) The World Bank (WB) low-income
countries (LICs), lower-middle-income countries (LMICs), upper-middle-income countries (UMICs), and high-income countries (HICs)
in 1990 and 2017 and (B) in different socioeconomic status regions classified by Socio-Demographic Index (SDI) in 1990 and 2017

(extracted from [8])

Age-standardised stroke mortality attributed to modifiable risk factors

Rank (death rate per 100,000)
1
A Global WB LICs WB LMICs WB UMICs ‘WB HICs
1990 2017 1990 2017 1990 2017 1990 2017 1990 2017
10 rank rank | rank rank | rank rank | rank rank | rank rank

Hypertension

Dietary risks

Tobacco

Impaired glucose tolerance

Air pollution

Obesity

Hypercholesterolemia

Alcohol use

Low physical activity
Rank
B 1 Low SDI Low-middle Middle SDI High-middle High SDI
SDI SDI
1990 2017 | 1990 2017 | 1990 2017 | 1990 2017 | 1990 2017

10 rank rank | rank rank | rank rank | rank rank | rank rank
Hypertension
Dietary risks 2 2 2 2 2
Tobacco 5 5 4 5 3 4 | 3 4 3 5
Impaired glucose tolerance 3 3 3 3 4 3 4 3 4 m 3
Air pollution 7 7 - P v .
Obesity 6 6 4 6 5 5 5 5 4
Hypercholesterolemia 6 6 6 6 6

Alcohol use

Low physical activity

Note: The order of risk factors has remained constant for an easier comparison between different socio-economical status regions
HICs high-income countries, LICs low-income countries, LMICs lower-middle-income countries, UMICs upper-middle-income countries, SD/ Socio-Demographic

Index, WB The World Bank

Obesity

Obesity is globally the fourth most influential indicator of
stroke mortality, which varies slightly between different
SES (Table 4). Although the age-standardised global
stroke mortality rate attributable to obesity has decreased
by 3.8%, although non-significantly from 1990 to 2017,
more prominently in HICs (44.0%), its risk increased in
both LICs and LMICs by 17.1% (statistically not signifi-
cantly) and 32.7%, respectively (Table 3). This is contrary
to the higher proportion of obesity observed in HICs than

LMICs [13], which might be related to the occurrence of
first stroke at younger ages in countries of lower-income
levels (Table 5). The obesity epidemic is just more recent
in middle-income countries as compared to HICs, given
the ongoing epidemiological and nutritional transition
happening in LMICs. Overall, there is a 2.6-fold difference
in rates of stroke mortality attributable to obesity between
the most-affected and the least-affected income category,
from 16.1 per 100,000 in UMICs to 6.1 per 100,000 in
HICs.
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Fig. 2 Trends in age-standardised stroke mortality rates attributable to dietary risks being classified as to a the World Bank income levels, b the
World Health Organization regions (WHO), and ¢ the Socio-Demographic Index (SDI) from 1990 to 2017 (extracted from [8])
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Smoking

Tobacco smoking became the fifth leading predictor of
stroke in 2017 (Table 4). From 1990 to 2017, there was a
41.6% decrease in the age-standardised global stroke mor-
tality attributable to tobacco, which varied from a 30.5% de-
crease in LICs to a 72.3% decrease in HICs (Table 3).
However, the highest tobacco-attributed stroke mortality
rate has been observed in UMICs from 1990 to 2017, which
holds the third place, after hypertension and dietary risks,
among all modifiable risk factors in this specific income
category. Overall, there is a 4.5-fold difference in rates of
stroke mortality attributable to tobacco between the most-
affected and the least-affected income category, from 18.9
per 100,000 in UMICs to 4.2 per 100,000 in HICs.

Air pollution

Air pollution is globally the sixth leading cause of stroke
death with no change in its rank from 1990 to 2017
(Table 4). Its attributable risk is higher in regions with
lower SES. There is a downward trend in stroke mortal-
ity attributable to air pollution in all regions of the
World Bank income levels, which is steep in LICs and in
UMICs. This suggests improved general awareness in
these regions, in particular. However, with regard to the

SDI classification, educational attainment and society
population do not seem to affect the attributable risk of
stroke mortality due to air pollution (Table 4). Overall,
the age-standardised global stroke mortality rate attrib-
utable to air pollution has decreased by 62.3% from 1990
to 2017, which varied from 33.0% decrease in LICs to
47.4% decrease in UMICs (Table 3). Overall, there is a
1.9-fold difference in rates of stroke mortality attribut-
able to air pollution between the most-affected and the
least-affected income category, from 16.2 per 100,000 in
LICs to 8.6 per 100,000 in HICs.

In 2017, ambient particulate matter pollution and house-
hold air pollution from solid fuels were globally responsible
for 10.5 and 59 million stroke-related DALYs lost and
444.9 and 231.8 thousand stroke-related deaths, respectively
(Table 6). Based on the age-standardised rates per 100,000
people worldwide, a third of the 2017 air pollution-related
stroke mortality was attributable to household air pollution
and two thirds of it was attributable to ambient air pollu-
tion. The portion of household air pollution dominates in
LICs; it dramatically decreases in wealthier societies, in par-
ticular, UMICs and HICs, and increases in LICs and
LMICs. Household air pollution is more common in fe-
males. Furthermore, in 2017, the attributable risk of
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Table 5 Fractions of stroke incidence, prevalence, mortality, and
DALYs lost in different age-groups and income levels in 2017

LICs LMICs HMICs HICs Global

Incidence (%)

<40 years 14 14 1 1.7 1.3

40-64 years 10.7 1 109 9.8 10.9

2 65 years 87.8 87.5 88.1 88.5 87.8
Prevalence (%)

< 40years 3.1 2.8 2 24 2.1

40-64 years 187 185 16 133 15.2

2 65 years 78.2 78.7 82 84.3 82.7
Mortality (%)

<40 years 08 0.5 03 0.2 0.5

40-64 years 44 39 27 1.5 34

2 65 years 94.8 95.6 97 983 9
DALYs (%)

<40 years 6.3 4 2.5 26 44

40-64 years 154 14.8 1.1 84 13.2

2 65 years 782 812 864 889 824

DALYs disability-adjusted life years, HICs high-income countries, LICs low-
income countries, LMICs lower-middle-income countries, UMICs
upper-middle-income countries

Data were extracted from [8]

haemorrhagic stroke was almost double that of ischaemic
stroke worldwide.

Alcohol use

The global rank of stroke mortality related to alcohol drink-
ing rose from the eighth rank in 1990 to the seventh in
2017 (Table 4). Although the age-standardised global stroke
mortality rate attributable to alcohol use has declined by
13.5% from 1990 to 2017, particularly in HICs (70.7%), its
risk increased in both LMICs (33.5%) and UMICs (3.8%)
(Table 3). In 1995, the rate of alcohol use had moved up
one step to the seventh rank with no change in rankings
later on. With regard to sex, no change in rankings of these
predictors was observed in men during the 25-year period,
while in women, the age-standardised rate of alcohol use
has shown a two-step decline to the seventh rank in 2017.
Overall, there is a 5.3-fold difference in rates of stroke mor-
tality attributable to alcohol use between the most-affected
and the least-affected income category, from 11.1 per 100,
000 in UMICs to 2.1 per 100,000 in HICs.

Hypercholesterolemia

Hypercholesterolemia, particularly high LDL-C, became
globally the eighth most important indicator of stroke
mortality in 2017 (Table 4). From 1990 to 2017, the age-
standardised global stroke mortality rate attributable to
hypercholesterolemia decreased by 38.4%, which varied
from 16.4% decrease in LICs to 64.0% decrease in HICs
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(Table 3). In societies of higher SES, it stands at a higher
rank with regard to stroke mortality. Overall, there is a
2.8-fold difference in rates of stroke mortality attribut-
able to hypercholesterolemia between the most-affected
and the least-affected income category, from 9.2 per 100,
000 in UMICs to 3.3 per 100,000 in HICs.

Low physical activity

Low physical activity has globally remained the ninth
modifiable indicator of stroke mortality since 1990,
which is almost constant through the varying SES re-
gions (Table 4). SES can be a factor in determining levels
and types of physical activity, as well as facilities
accessed. Nevertheless, despite the proven association of
low physical activity with stroke, there is a 37.3% decline
in its attributable risk of the age-standardised global
stroke mortality, varying between 22.4% in LICs and
59.8% in HICs (Table 3). Overall, there is a 2.6-fold dif-
ference in rates of stroke mortality attributable to low
physical activity between the most-affected and the
least-affected income category, from 5.1 per 100,000 in
UMIC:s to 2.0 per 100,000 in HICs.

Non-modifiable predictors of stroke mortality

Age

Ageing is regarded as the most important predictor
of stroke incidence and mortality, and thus, their
rates increase by age (Fig. 3). Older individuals with
lower SES have higher stroke incidence [14] and
mortality rates [15]. Earlier, it was estimated that ap-
proximately 90% of strokes occur above age 65 years,
75% of which is >75years [16]. By 2017, these rates
have slightly changed: 88% of global strokes occur
above age 65 years, 72% of which is > 75 years (Table 5).
This suggests that the age of stroke occurrence is
declining and its incidence rate is increasing at
younger ages. Compared to HICs, stroke prevalence
at younger ages is higher in LICs (15.7% vs. 21.8%
before age 65 years; 17.3% globally). In 2017, 96% of
stroke-related deaths happened above age 65 years,
86% of which was > 75 years. There is also an almost
twofold difference in DALYs lost at younger ages
(i.e. lower than 65years) between LICs and HICs
(21.7% vs. 11.1%).

Sex

Risk of stroke and the risk factors differ between men
and women, with almost no change in their attributed
risk of stroke mortality from 1990 to 2017, particularly
for tobacco use, alcohol use, obesity, and air pollution
(Table 2, Additional file 3: Table S2, and Table 7).
Underlying aetiology, risk factors, incidence, and out-
comes of stroke vary substantially between men and
women [17, 18]. Stroke occurs earlier (at 68.5 vs. 73.0



Table 6 Global and regional stroke burden and mortality attributable to air pollution in 2017

All-type stroke

Ischaemic stroke

Intracerebral haemorrhage

Subarachnoid haemorrhage

Number
(thousand)

Mean (95%
uncertainty
interval)

Age-standardised rate

Mean (95%
uncertainty
interval)

Female
to male
ratio

Number Age-standardised rate
(thousand)

Mean (95% Mean (95% Female
uncertainty uncertainty to male
interval) interval) ratio

Number Age-standardised rate
(thousand)

Mean (95% Mean (95% Female
uncertainty uncertainty to male
interval) interval) ratio

Number Age-standardised rate
(thousand)

Mean (95% Mean (95% Female
uncertainty uncertainty to male
interval) interval) ratio

DALYs (disability-adjusted life years) per 100,000 people

Global

Air pollution 16,385.6 (13,
2246 t0 19,
514.3)

Ambient 10,5155

particulate (82480 to 12,

matter 877.4)

pollution

Household air
pollution from
solid fuels

58702 (45734
to 7263.3)

World Bank low income

Air pollution 1233.7 (1026.6
to 1436.3)

Ambient 2578 (1939 to

particulate 334.5)

matter

pollution

9759 (8043 to
1161.0)

Household air
pollution from
solid fuels

World Bank lower middle income

Air pollution 6858.7 (5569.0
to 8122.8)

Ambient 3579.6 (28320

particulate to 4445.7)

matter

pollution

Household air
pollution from
solid fuels

3279.2 (2552.6
to 4049.6)

World Bank upper middle income

73026 (58514
to 8792.7)

Air pollution

2019 (164.1 to
240.1)

129.8 (1016 to
159.0)

720 (560 to
89.0)

372.2 (3100 to
434.3)

785 (585 to
102.7)

2938 (2419 10
349.1)

282.1 (2307 to
332.5)

1474 (1164 to
182.6)

134.7 (105.1 to
165.7)

2208 (1776 to
265.2)

0.7

0.6

1.0

0.8

0.7

06

57849 (45811 722 (574 to 0.8
to 6995.0) 87.3)

39502 (30402 494 (382 to 0.7
to 4873.9) 61.0)

1834.6 (13905 228 (173 to 1.1
to 2329.5) 289)

3468 (2778t0 1170(935t0 1.3
422.1) 142.3)

735 (538 to 250 (180 to 08
97.7) 333)

2733 (2150 to0 920 (718 to 1.5
339.1) 114.4)

22107 (17315 986 (769 to 0.9
to 2754.2) 121.9)

12152 (9311 541 (41610 0.7
to 1532.2) 68.1)

9956 (7532 to 445 (340 to 1.2
1285.3) 56.9)

2793.7 (21929 859 (676 to 0.7
to 3426.0) 105.6)

89674 (72706 109.7 (893 to 0.7
to 10,723.3) 130.8)

5523.0 (4340.7 67.7 (532 to 0.5
to 6835.3) 832)

34444 (2660.7 42.0 (326 to 09
to 4305.5) 52.6)

7859 (6444 to 2290 (1879to 09

9314) 2712)
1619 (1219to 476 (359 to 0.5
210.7) 63.0)

624.1 (5052 t0 1814 (1459t0 10
755.4) 219.7)

3864.7 (31068 1542 (1239to 0.8

to 4631.0) 185.2)
1961.2 (15388 782 (614 to 06
to 2471.9) 98.8)

1903.5 (14663 760 (58.7 to 1.0
to 2394.9) 954)

39120 (31337 1170(%941t0 06
to 47154) 140.3)

16333 (12724 199 (156 to 0.9
to 2021.0) 24.6)

10422 (8093 127 (99 to 0.8
to 1314.3) 16.0)

5912 (4435t0 72 (54t094) 1.1
776.6)

1009 (70.7 to 262 (184 to 0.8

148.7) 38.9)

224 (145 to 59 (38t090) 05
33.8)

786 (53.5 to 203 (139 to 038
116.6) 30.6)

7832 (5983 to 293 (224 to 1.0

991.4) 37.3)
4032 (2998 to 151 (112 to 0.8
529.0) 19.8)

380.1 (2813 to 142 (106 to 1.2
507.2) 19.0)

5969 (4603 t0 179(139to 08
7314) 21.8)
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Table 6 Global and regional stroke burden and mortality attributable to air pollution in 2017 (Continued)

All-type stroke

Ischaemic stroke

Intracerebral haemorrhage

Subarachnoid haemorrhage

Number Age-standardised rate Number Age-standardised rate Number Age-standardised rate Number Age-standardised rate
(thousand) (thousand) (thousand) (thousand)
Mean (95% Mean (95% Female Mean (95% Mean (95% Female Mean (95% Mean (95% Female Mean (95% Mean (95% Female
uncertainty uncertainty to male  uncertainty uncertainty to male  uncertainty uncertainty to male  uncertainty uncertainty to male
interval) interval) ratio interval) interval) ratio interval) interval) ratio interval) interval) ratio
Ambient 57409 (4467.1 1737 (1362 to 06 22494 (17203 692 (53.2 to 0.6 30213 (2361.5 904 (710 to 05 4702 (3642 to 14.1 (109 to 0.7
particulate to 7074.4) 213.7) to 2798.2) 86.0) to 3694.9) 110.6) 588.9) 17.5)
matter
pollution
Household air 1561.7 (11395 47.1 (346 to 09 5443 (3946to 167 (122 to 09 890.7 (6456 to 266 (196 to 08 1267 91.7to 38 ((28t050) 1.1
pollution from  to 2070.9) 62.7) 729.0) 22.5) 1181.3) 35.4) 169.8)
solid fuels
World Bank high income
Air pollution 8849 (659.1 to 43.9 (326 to 0.7 3956 (2885t0 17.9 (133 to 0.7 3450 (2570to 178 (13.1 to 06 1443 (1041 to 83 (6.0 to 1.1
1137.8) 55.8) 517.8) 23.3) 4454) 22.8) 188.1) 10.7)
Ambient 8616 (640.1 to 428 (31.7 to 0.7 3838 (2796t0 173 (128 to 0.7 3367 (2501 to 173 (128 to 06 1412 (1020 to 8.1 (59 to 1.0
particulate 1107.5) 54.6) 506.2) 22.6) 433.2) 224) 184.3) 10.4)
matter
pollution
Household air 232 (153 to 1.1(08t0 1.7) 1.1 118 (76 to 05(03t008) 12 83 (5510 04 (03t006) 09 3221t046) 02(01t003) 17
pollution from  33.9) 17.5) 12.3)
solid fuels
Deaths per 100,000 people
Global
Air pollution 676.8 (5505to0 86 (7.0 to 0.7 2648 (209.1to 34 (27to42) 08 3585(2918to 45((36to54) 07 536 (427 to 0.7 (0.5t0 08) 09
806.6) 10.3) 322.5) 427.7) 65.3)
Ambient 4449 (3460to 57 (44t070) 06 1835 (1399to0 24 (1.8t03.0) 0.7 2264 (1760to 28 (22to 3.5 06 350 (273 to 04 (03t006) 0.7
particulate 549.3) 228.2) 279.9) 44.1)
matter
pollution
Household air 2318 (1796to 29 (23t036) 1.0 81.2 (624 to 1.0(08t013) 1.1 1321 (101.5t0 16(1.3t020) 10 185 (139 to 02 (02t003) 1.1
pollution from ~ 287.2) 103.8) 164.5) 24.3)
solid fuels
World Bank low income
Air pollution 451 (37.7 to 16.2 (135 to 1.0 145 (114 to 5947t073) 13 277 228 to 94 (78 to 09 28 (19t043) 09(06to13) 07
52.9) 19.2) 17.9) 32.8) 11.2)
Ambient 95 (7.1 to 35Q25t045 06 31(22t042 13(09to17) 08 58@41t077) 20(15t026) 06 0.7 (04t010) 02(01t003) 05
particulate 12.5)
matter pollution
Household air 355 (289 to 12.8 (104 to 1.1 114 (8.7 to 47 (36t058 15 219 (17.7 to 74 (601t090) 10 22(15t034) 0704t010) 08
pollution from  42.3) 15.2) 14.2) 26.5)

solid fuels
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Table 6 Global and regional stroke burden and mortality attributable to air pollution in 2017 (Continued)

All-type stroke

Ischaemic stroke

Intracerebral haemorrhage

Subarachnoid haemorrhage

Number Age-standardised rate Number Age-standardised rate Number Age-standardised rate Number Age-standardised rate
(thousand) (thousand) (thousand) (thousand)
Mean (95% Mean (95% Female ~ Mean (95% Mean (95% Female ~ Mean (95% Mean (95% Female ~ Mean (95% Mean (95% Female
uncertainty uncertainty to male uncertainty uncertainty to male uncertainty uncertainty to male uncertainty uncertainty to male
interval) interval) ratio interval) interval) ratio interval) interval) ratio interval) interval) ratio
World Bank lower middle income
Air pollution 2620 (2151 to 123 (10.1 to 09 972 (765 to 5140t 63) 09 1415 (1135t0 63(5.1to75 08 234 (180 to 1007t012) 10
311.6) 14.7) 121.1) 169.5) 30.1)
Ambient 136.7 (1070to 64 (5.0t0 80) 0.7 53.1 (40.7 to 28 (21t0 35 07 716 (563 to 32(25t040 06 120 (9.0 to 05(04t007) 08
particulate 169.4) 67.2) 90.2) 16.0)
matter
pollution
Household air 1254 (975t0 59 (46to73) 1.1 44.1 (339 to 23(18t029 12 699 (535 to 3124t039 10 114 (85 to 05(03to06) 12
pollution from  155.0) 56.7) 87.5) 15.1)
solid fuels
World Bank upper middle income
Air pollution 3195 (2543 to 102 (80 to 0.7 1289 (998to0 42 (33to52) 07 168.7 (1347to0 53 (42to63) 06 219 (169 to 0.7 (05t008) 08
386.8) 12.3) 160.6) 202.4) 26.8)
Ambient 2511 (1936to 80 (6.1t098) 06 1043 (792t0 34 (26to43) 06 1296 (1005to0 40 (32to50) 05 172 (13.1 to 05(04t007) 07
particulate 309.2) 130.1) 158.7) 21.4)
matter
pollution
Household air 685 (50.2 to 22 (161029 09 246 (18.1 to 08 (06to1.1) 09 39.1 (285 to 12(09to16) 09 47 (34t063) 01(011t002) 1.1
pollution from  91.3) 32.7) 52.2)
solid fuels
World Bank high income
Air pollution 456 (335 to 19(14t024) 07 225 (160 to 09(06t01.1) 07 180 (133 to 08 (06t010) 06 51(39t066) 03(02to03) 10
59.2) 30.5) 233)
Ambient 444 (326 to 18(14t024) 07 218 (155 to 08 (06to1.1) 07 176 (129 to 08 (06t010) 06 50(38t065 02(02to03) 10
particulate 580) 29.6) 22.8)
matter
pollution
Household air 1208t 1.7) 01(00to0.1) 12 0.7 (04t0 10 00(00to00) 13 04 (03t006) 00(00to00) 10 0.1(0.1t002) 00(00to00) 17

pollution from
solid fuels

Data were extracted from [8]. Rates are defined per 100,000 people
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years) and more frequently in men (incidence 33%
higher, and prevalence 41% higher) than in women [19],
while women have more severe strokes resulting in a
higher 1-month stroke fatality (25% vs. 20%) [20]. Our
results suggest a pivotal role for SES in sex-stratified
age-standardised stroke mortality rates (Table 8).

Discussion

The results of the current study add to the body of
evidence on existing disparities, gaps, and hurdles in
stroke research, practice, and educational endeavours
in different socioeconomic classes, countries, and re-
gions. It appears that the age-standardised rate of
stroke incidence and mortality is decreasing in all re-
gions of varying SES (based on income-level or SDI),
although more rapidly in wealthier societies. This in-
fluence is largely driven through commonly known
modifiable stroke risk factors. In 2017, high systolic
blood pressure and dietary risks were the top leading
causes of stroke-related deaths and worldwide burden.

Among the 11 modifiable risk factors, alcohol had
five times higher association with haemorrhagic
strokes than ischaemic strokes. Further, the rates of
stroke mortality and burden were significantly higher
in lower SES regions compared with HICs. Likewise,
the age-standardised stroke mortality attributable to
potentially modifiable risk factors is declining in al-
most all regions, except for obesity and alcohol use.
LICs hold the worst attributable risk of stroke mortal-
ity for hypertension, dietary habits, diabetes, and air
pollution, and UMICs hold the worst attributable risk
of stroke mortality for obesity, tobacco use, alcohol
use, hypercholesterolemia, and low physical activity.
Still, HICs have almost threefold lower rates of stroke
mortality attributable to modifiable risk factors com-
pared to all other income categories.

According to the last report of the global, regional,
and national burden of neurological disorders, there has
been a significant reduction in the age-standardised
prevalence of stroke (10% decrease) and death (30%
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Table 7 Differences in the ranks of age-standardised stroke mortality rate attributable to dietary risk factors being stratified by sex in

1990 and 2017 (extracted from [8])

Rank
1

Global age-standardised stroke

mortality

Male

Female

10 1990 rank 2017 rank [1990 rank 2017 rank

Hypertension

Dietary risks

Tobacco 3

Impaired glucose 4
tolerance

Alcohol use

Air pollution

Obesity

Hypercholesterolemia

Low physical activity

decrease) from 1990 to 2015 [1]. By 2017, according to
the present study, the age-standardised rates of global
stroke prevalence and mortality exhibited a 3% increase
and a 33% decrease, respectively. This reflects the evolv-
ing nature of the GBD data and the changes in stroke
burden worldwide.

Based on the results of a meta-analysis of 12
population-based cohorts and case-control studies

mainly in HICs, despite some limitations, reduced
SES could explain more than 30% (95% confidence
interval 16—48) of the stroke risk irrespective of clas-
sical vascular risk factors [21]. Based on another
meta-analysis by Kerr et al. [21], blood pressure,
smoking, diabetes, lipids, atrial fibrillation, history of
vascular disease, obesity, and physical activity were
overall associated with an additional 30-40% risk.

Table 8 Difference in ranks of age-standardised stroke mortality rate attributable to modifiable risk factors being stratified by sex in
the World Bank (WB) low-income countries (LICs), lower-middle-income countries (LMICs), upper-middle-income countries (UMICs),
and high-income countries (HICs) in 1990 and 2017 (extracted from [8])

Age-standardised stroke mortality related to modifiable risk factors,
according to gender and World Bank (WB) income levels (2017),

?._.x (death rate per 100,000)
WB LICs WB LMICs WB UMICs WB HiICs
Both Male Female| Both Male Female| Both Male Female| Both Male Female
10 sexes sexes sexes sexes
Hypertension
Dietary risks 2 2 2 2 2 2 2 2 2 2 2
Impaired glucose 3 4 3 3 3 4 5 4 3 & 3
tolerance
Air pollution
Obesity
Tobacco

Hypercholesterolemia

Low physical activity

Alcohol use

HICs high-income countries, LICs low-income countries, LMICs lower-middle-income countries, UMICs upper-middle-income countries, WB The World Bank
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Nevertheless, more population-based studies have
been conducted since then, which improved our un-
derstanding of the predicting factors [22]. For in-
stance, an Australian population-based study of 3077
subjects with incident stroke between 1995 and 2003
proposed that improving the SES of the most de-
prived inhabitants could prevent up to one fifth of
strokes [23].

The disparity between stroke outcomes in LMICs and
HICs can be partly explained by a combination of vary-
ing levels of general health awareness, access to health-
care, and preventative strategies starting from childhood
[24, 25]. Stroke management is also challenging. Exces-
sively increasing trends of urbanisation, pollution, smok-
ing, obesity, less physical activity, having unhealthy diets,
and ageing, particularly in LMICs, along with a much
larger population with restricted access to health care
may partially predict the increasing rates of stroke in
these countries. This alarming increase necessitates a
thorough investigation of all possible reasons, including
SES determinants. Accordingly, despite many recent stud-
ies in LICs and LMICs [26-36] (Additional file 5: Table
S4), we cannot confidently generalise the association of
common vascular risk factors with the risk and outcome
of stroke in LICs and LMICs. There used to be a ten-fold
difference in rates of stroke mortality and burden between
the most-affected and the least-affected countries [37].
Currently, based on our findings, this has decreased
to almost threefold, which is suggestive of a substan-
tial improvement in healthcare, preventive measures,
and therapeutic outcomes. However, we should ac-
knowledge the scantiness of population-based studies
in LICs and LMICs compared to UMICs and HICs.

According to the GBD 2015 [38], there are regular shifts
in stroke-related cause of death composition and popula-
tion age structure with rising SDI (Table 4). Moreover, is-
chaemic heart disease, stroke, and diabetes are among the
leading causes of premature mortality, measured as years
of life lost, in most SES regions based on SDI [38].
The present study highlighted the necessity of
country-specific and SES-stratified quantification of
the risk of stroke attributable to each factor [22].

Conclusions

Almost half of stroke-related mortality may be attribut-
able to modifiable risk factors (i.e. hypertension, dia-
betes, dietary risks, impaired glucose intolerance,
obesity, smoking, air pollution, alcohol use, hypercholes-
terolemia, and physical inactivity), which are mostly the
outcome of poor clinical management, limited access to
health care, and late detection of underlying risk factors.
This necessitates allocation of resources to those modifi-
able risk factors with the highest impact on stroke in
each SES-region. Moreover, social and economic policies
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to reduce inequalities in stroke care should become a
health priority, particularly in less wealthy countries.
These policies should focus on treating early predispos-
ing factors and on educational programmes from child-
hood, which have long-lasting impacts on adulthood
health. Likewise, improving worldwide primary healthcare
services may have an important impact on post-stroke
outcomes. It is essential to improve stroke awareness
among socioeconomically deprived individuals and soci-
eties and provide equitable post-stroke medical care.
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